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5. RESULTS

5.1 Precision of methods _

Within-run and between-run precision of all tests were
evaluated. The within-run coefficient of variation (%CV) of serum
glucose, fructosamine, BUN and creatinine were 1.9, 6.4, 8.9, and 4.4%
and between-run CV were 2.1, 7.8, 9.2 and 7.6% respectively as shown in
Table 1 and Figures 1 and 2

Pooled urine sample both high and normal levels of
microalbumin and NAG were tested and found that the within-run and
between-run CV in high and normal levels for microalbumin were 1.4, 3.3
and 4.7, 7.8 and for NAG were 1.9, 6.7 and 4.0, 11.7% as shown in Table
2, Figure 3 and Table 3, Figure 4, respectively.

3.2 Linearity study of MA and NAG determination methods

Various concentrations of human serum albumin were tested
with the method described in 4.3.1 and found that the method obeys
Beer’s law for at least 100 mg/di as shown in Figure 5.

Standard NAG was diluted into various concentrations and
tested. The linearity of the test found was upto at least 62.54 U/ as
shown in Figure 6.

5.3 Accuracy studies

It was found that the average standard NAG recovered were
112.8%, ranged between 109.3 and 115.0% as shown i Table 5.

The recovery of standard microalbumin were averaged
105.0%, ranged between 99.0 and 109.5% as shown in Table 6.
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5.4 Stability of BPB and CNP-NAG reagents

BPB reagent was prepared and evaluated using albumin
standards, 20 and 100 mg/dl, every 10 days. The resulté showed that
keeping at 4 °C, the reagent gave very closed values for at least 60 days
as shown in Figure 7. |

CNP-NAG reagent was prepared and used for determination
of urinary NAG (20 and 55 UA) every 5 days. It was found that CNP-
NAG substrate couid be kept at 4 °C for 10 days. On day 15 the NAG
activity began to decrease significantly especially with 20 U/l urine

sample, as shown in Figure 8.
3.5 Correlation of the tests

A. Correlation coefficient (r) of microalbumin in urine and
NAG activity was r = 0.48, p < 0.05 in diabetics and increased to 0.78,
p < 0.05 i patients with diabetic nephropathy, as shown in Figures 9 and
10. |

B. Correlation coefficient (r) of MA, NAG activity and HbA;c¢
in all diabetics were 0.39 and 0.14, respectively, as shown in Figures 11 |
and 12, in patients with diabetic nephropathy (n=14) the correlation
coefficient (r) of MA, NAG with HbA,c was more correlated
(r=0.49, 0.45 p<0.05, respectively.) as shown in Figures 13 and 14.

C. Correlation of MA, NAG with fructosamine in diabetics
(n=220) were least correlated (=0.17, 0.14 p<0.05, respectively), as
shown in Figures 15 and 16. In DN (n=14), the correlation of MA, NAG
with fructosamine were higher (r = 0.43, 0.38 p<0.05, respectively), as
shown in Figures 17 and 18.
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D. Correlation coefficient (r)} of HbA;c and fructosamine as
glycemic control. Fructosamine and HbA,c was highly correlated (r = 0.7,

p< 0.05) as shown in Figure 19.

5.6 Cut-off predictive levels of NAG and MA.

The predictive threshold of MA and NAG activity in diabetes
were compared with healthy control (n=100) and diabetics (n= 220). Using
the cut-off levels of MA and NAG activity at mean + 3SD (MA=2.97
mg./gm creat., NAG=32.40 U/gm. creat.). The NAG activity of healthy
control were all normal and only 3 had higher MA than the cut-off level,
as shown in Figures 20 and 21. We also used ROC curve to estimate the
cut-off levels of MA and NAG activity for diabetics in which 3.49 mg/gm

creat. and 37.2 U/gm creat. were found respectively, as shown in Figures
22 and 23.

5.7 Clinical values of urinary MA and NAG determinations

Sensitivity and specificity of urinary MA and NAG activity
tests for diabetic nephropathy were evaluated. Urinary microalbumin alone
has %sensitivity and specificity of 100% and 89.7% while using NAG
activity alone, they were 75.0 and 81.9% respectively. Combination of
both tests, the sénsitivity and specificity were 100% and 98.3% as shown
in  Table 7.

5.8 Positive and negative predictive values of MA and NAG activity
The positive predictive values (%) MA, NAG activity and
MA in combination with NAG activity were 33.8, 18.1 and 69.9% at 5%
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prevalence, for 10% prevalence the values were 51.8, 31.5 and 71.4 % and
for 15% prevalence , they were 63.5, 42.5 and 79.8 %, respectively.
 The negative predictive values (%) of MA and MA in
combination with NAG activity at 5, 10, 15% prevalences were 100% and
for NAG activity at 5, 10, 15% prevalences . were 95.0, 96.8 and 98.5 %,

respectively, as shown in Table 8.

5.9 Reference values

The mean £ 3SD reference values for urinary NAG activity,
MA and serum fructosamine in 100 healthy adults were 18.06 + 4.78
U/gm creat., 1.44 + 0.51 mg/gm creat. and 1.45 £ 0.56 mmol/l and the
reference ranges were 3.72-32.4 U/gm creat, 0.09-2.97 mg/gm creat. and
0.00-3.13 mmol/l, respectively as shown in Table 4.
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Table 1. Precision of methods used for serum glucose, fructosamine and

BUN, creatinine determinations. (n=10)

Within-run Between-nun
Mean SD %CV | Mean SD %CV
Glucose (mg/dI) 912 17 19 o903 19 21
BUN (mg/dl) 202 1.3 64 | 219 1.7 7.8
Creatinine (mg/dl) 1.5 0.11 8.9 1.4 013 92
Fructosamine (mmol/l) | 1.8 0.08 4.4 1.7 0.13 7.6

Table 2. Precision of the NAG activity (U/gm creat.) determination using

CNP-NAG as substrate. (n =10)

Within-run Between-run
Mean SD %CV Mean SD %CV
High level control 542 1.02 1.88 550 220 4.00
Normal level control | 21.4 1.44 6.73 204 260 11.70
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Table 3. Precision of the urinary microalbumin determination

with bromphenol blue (BPB) method. (n=10)

Within-run Between-run
Mean SD %CV | Mean %CV
High level control 92.0 1.3 14 92.0 4.7
Normal level control | 15.1 05 33 15.3 7.8

Table 4. Reference ranges of urinary NAG activity, MA in urine

and serum fructosamine in 100 healthy adults.

NAG activity MA Fructosamine
(U/gm. creat.) (mg/gm creat.) (mmol /1)
'Mean 18.06 1.44 1.45
SD 478 0.51 0.56
Mean + 25D 8.50-27.62 042 -2.46 0.33 -2.57
Mean + 35D 3.72-32.40 0.09 -297 0.00-3.13
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Table 5. Analytical recovery (%) of standard NAG (64.52 U/)

activity added into urine sample.(Average of 4 determinations)

urine | NAGin Std NAG Total NAG NAG % Recovery
(ul) urine(U/1) | added (U/) (UN) found (U/l) | of standard
500 20 - - - -
400 16 12.8 28.8 30.6 114.1
300 12 25.7 37.7 40.1 109.3
200 8 38.6 46.6 524 115.0
Mean 112.8

Table 6. Analytical recovery (%) of standard MA (100 mg/dl) added

into urine sample. (Average of 4 determinations)

urine MA in Std. MA Total MA | MA found | % recovery of
() [ urine(mg/dl) | added (mg/dl) | (mg/dl) (mg/dl) standard
500 15.6 - - - -
400 12.4 20.0 324 32.2 99.0
300 9.3 40.0 49.3 51.9 106.5
200 6.2 60.0 66.2 69.1 104.8
100 3.1 80.0 83.1 90.7 109.5
Mean 105.0




Table 7. Sensitivity, specificity of urinary MA (cut-off 2.97 mg/gm creat)

and NAG activity (cut-off 32.40 U/gm creat.).

MA (%) NAG (%) NAG & MA ( %)
Sensitivity 100.0 75.0 100.0
Specificity 89.7 81.9 95.5

False positive 9.5 16.8 3.6

False negative 0.0 1.8 0.0

Table 8. Positive and negative predictive values of urinary MA (cut- ff
2.97 mg/gm creat.) and NAG activity (cut-off 32.40 U/gm creat.)

in diabetics at different prevalences.

Positive predictive value (%)

Negative predictive value (%)

Prevalence (%) 5.0 10.0 15.0 5.0 10.0 15.0

MA 33.8 51.8 63.5 100.0 100.0 100.0
NAG activity 18.1 315 425 95.0 96.8 98.5
MA & NAG activity | 69.9 71.4 79.8 100.0 100.0 100.0




Table 9. Sensitivity, specificity of urinary MA (cut-off 3.48 mg/gm
creat.) and NAG activity (cut-off 37.20 U/gm creat.) in diabetics

(using ROC curve for cut-off level determination).

MA (%) NAG (%) NAG & MA (%)
Sensitivity 94.1 75.0 100.0
Specificity 93.1 90.7 98.3
False positive 6.4 8.6 1.4
False negative 0.5 2.2 0.0

Table 10. Positive and negative predictive values of urinary MA (cut-

off 3.48 mg/gm creat), NAG activity (cut-off 37.20 U/gm creat.) in

diabetics at different prevalences. (using ROC curve for cut-

off level determination).

Positive predictive value (%) | Negative predictive value (%)

Prevalence (%) 5.0 10.0 15.0 5.0 10.0 15.0
MA 41.6  46.1 70.1 99.7 99.2 98.9
NAG activity 292 451 57.5 98.3 96.3 943

MA & NAG activity | 72.5 87.0 89.8 100.0 100.0 100.0
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Figure 8. Stability of CNP-NAG reagent (n=4)




45

T
80 e y =1.1069x + 22,254
= r=0438
5 ™
L]
g
[='t]
oy
2
O
<
.
_‘
0 5 10 15 20 25 30 35 40

MA (mg / gm. creat.)

Figure 9. Correlation of MA and NAG activity
in diabetics. (n=220)

70.0 -

2
<

50.0

g

300 +

200 + hd Y= 0.8927x + 27.343
=0.78

NAG (U/gm creat.)

0.0 % l i i I ' ’ '
0 5 10 15 20 25 30 357 40
MA (mg/gm creat.)

Figure 10. Correlation of MA and NAG activity
in patients with diabetic nephropathy.(n=14)




46

400
®
3300 + y = 0.665x - 2.2807
g r=0391 .
£ * 9
2200 ¢
B ¢ ” ¢
S 100 - > . . ® e
* o«
¢ ¢ & .
hd
0.0 1 Aic (%
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
Figure 11. Correlation of MA and HbA cin
diabetics. (n=220)
100.0 -
y = 0.6228x + 20.583
o 0T y r=0.156
2 00 ¢
Y 600 1
-E‘D $ Py .0 ¢ * L 2 ... ...
2 4 . +
5 400 ‘@‘ . * . ® ‘.‘.‘ * L 1 )
<
Z 200 + X T
op of ? ."0 ‘. ¢ HbA... (9%
00 o e T TP
0.0 20 40 6.0 8.0 10.0 12.0 14.0
Figure 12. Correlation of NAG activity and

HbA ¢ in diabetics. (n=220)




47

400
*
g y= 1.1322x + 5.9026
300 + N
& r=10.49 *
g
L 2
< 200 + ®
p= A » ¢
. L 4
10.0 + * * .
HbAc (%)
0.0 { I I ! f I

Figure 13. Correlation of MA and HbA ¢ in. patients
with diabetic nephropathy. (n=14)

v=23634x+11.935 *
r= 0.45

50 *

10 + HbA, ¢ (%)

NAG activity (U/gm creat.)

I~
-y
o
[r.a]
—
<
| ot
¥}

i4 16

Figure 14. Correlation of NAG activity and HbA, in
patients with diabetic nephropathy. (n=14)




6.0
3 50
&
£ 40 —_—
o L
£ 30
g .
g 20 y = 0.0304x +2,7581
‘E’) L0 r=0.17
S
0.0 - I I I L I E I i
00 50 100 150 200 250 300 350 400
MA (mg/gm creat.)
Figure 15, Correlation of MA and fructosamine
in diabetics. (n=220)
60 —
=
=
3 S0+ b4
S
E 40+
a2
£ 30+
g
g 20 ¢ “.9 y=0.01x+2.5884
5 . r=0.14
£ 10+
=
0.0 i l I I |
0.0 200 40.0 60.0 80.0 100.0

NAG activity (U/gm creat.)

Figure 16. Correlation of NAG activity and

fructosamine in diabetics. (n=220)




49

Fructosamine (mmol/])

.
T .
¢ *
T o y = 0.0306x + 2.7267
4 ‘ r=043
f i i —
0 10 20 30 40
MA (mg/gm creat.)

Figure 17. Correlation of MA and fructosamine in

patients with diabetic nephropathy. (n=14)

Fructosamine (mmol/l)

4]
] .
1 °
] & $ . r s
—v" T e ¢
_ ¢ S
3
7] y=0.0153+ 2.5734
_ =038
T T ] T T T T
0 10 20 30 40 50 60 70

NAG activity (U/gm creat.)

Figure 18. Correlation of NAG activity and

fructosamine in patients with diabetic
nephropathy (n=14)




HbA;c (%)

16.0

14.0

12.0

10.0

8.0

6.0

4.0

20

4 * [ ] .. . r'y
L 2
T ee y=2372x+0.8733
A ‘.0.,. s 3 r=0.700
b |
1.0 1.5 20 2.5 3.0 35 40 45 50 55

Fructosamine (mmol/l)

Figure 19. Correlation of fructosamine and HbA, ¢

in diabetics. (n=220)




51

60.0

500 +
~
iq%; ™
& 400 T s
YY)
_‘g{) 30.0 1T .
2 o | : ql
®
< ®
Z 100 -
0.0
Normal Diabetics

Figure 20. Distribution of NAG activity in normal
control group (n=100) and diabetics

(n=220).
40 R
35 + g
30 -
MY .
;;é 25 |
5 5 | $
B P
E, 15 1
L
~ 10 + ¢
g ¢
5 i
o Leee (] ] *00
Normal Diabetics

Figure 21. Distribution of MA in normal control
group (n =100) and diabetics (n= 220).
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