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Abstract

It has been forecasted that diabetic patients in Thailand will increase to 4.3 million
people in 2030. In order to prevent, control and surveillance of the risk group for diabetes, the
Ministry of Public Health has launched measures to screen for the risk group using questionnaire
and measure finger pricked blood glucose by using point of care blood glucometers. The blood
glucometers are now widely used in primary health care hospitals but commercial whole blood
control with known glucose ranges are required for quality control and these control materials
are costly and sometimes unaffordable. The objective of this study was to develop the in-house
whole blood controls based on 2 different protocols. The first protocol used 30 mM glyceral-
dehyde (GA) while the second protocol used a combination of 30 mM GA and 2.4 mM sodium
iodoacetate (IA) These control materials were examined for the homogeneity, stability and
accuracy. The whole blood controls consisted of low, normal and high glucose levels.
Protocol 1 showed high homogeneity, stability up to 23 days at 4°C and accuracy of 85.59%,
92.60% and 94.65%, respectively. The whole blood controls from protocol 2 had high
homogeneity, stability up to 35 days at 4°C and accuracy of 99.95%, 99.94% and 99.99%
for low, normal and high glucose levels, respectively. In conclusion, the whole blood preparation
method in protocol 2 described in this study provided reliable materials for quality control of
the glucometers. However, further studies are required before the application in primary health

care hospitals.
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Venous heparinized blood 3.6 mL

‘— Separate blood components (10 minutes at 3,000 rpm)

v v

Plasma 2.5 mL Packed red cells 1.1 mL

- Wash cell suspension with 0.9 NSS (3x)
(15 minutes at 1,500 rpm)

\4

\

Accuracy test 50% cell suspension (packed red cells 0.8 mL+ 0.9 NSS 0.8 mL)

\ Protocol 1: PBS + 30 mM GA

Iorl
| E—

Plasma 1.8 mL 50 % cell suspension 1.6 mL+ PBS 1.6 mL

Protocol 2: PBS + 30 mM GA

- Rotate with rotator 2 hrs. +2.4 mM IA
- Incubate at 2-6°C 24 hrs.
- Wash cell suspension with 0.9 NSS (3x)

(15 minutes at 1,500 rpm)

Glyceraldehyde treated red blood cells

Glyceraldehyde treated red blood cells: plasma (1:6)

v

1] L

Homogeneity test Stability test

Fig. 1 Work flow for the study of homogeneity, stability and accuracy of whole blood glucose

control prepared by protocol 1 and 2. Homogeneity and stability tests were performed

according to 1SO 13528: 2005''%
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Table 1 Mean, standard deviation and coefficient variation (%) of low, normal and high glucose

control prepared from protocol 1 and protocol 2.

Protocol 1 ( 30 mM GA) Protocol 2 (30 mM GA + 2.4 mM |A)
Levels of control 8.00 AM 13.00 PM 8.00 AM 13.00 PM
Mean + SD %CV Mean £ SD | %CV | Mean + SD | %CV | Mean + SD %CV
Low control 43.55 + 256 | 5.89 | 43.05 +2.42| 5.61 4495 + 218| 4.91 4425 + 217 | 5.61
Normal control 86.70 £ 2.00| 2.31 86.45 +2.01| 2.33 | 75.30 £2.20| 290 | 74.80 +2.14| 2.86
High control 248.60 +2.28| 0.92 (24910 +2.50| 1.00 |218.60 +2.50| 1.10 |218.40 £ 2.20| 1.00

2. a1 F < F _  enuuudInmg ISO
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Low control
50.77
48.28
= 45.79 30mM GA at 08.00 AM
5 43.30 . —m—30mM GA at 13.00 PM
a >l
40.81 > *
38.32
35.83
o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
day elapsed at 2 - 10° C
Normal control
94.47
92.15
—e—30mM GA at 08.00 AM
= 8983
S —— —m-30mM GA at 13.00 PM
@
o
85.19 **
g
82.87
80.55
o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
day elapsed at 2-10 °C
High control
254.34
251.95
=
2
S 24056 % —o —e—30mM GA at 08.00 AM
8 24717
. — — ~—-30mM GA at 13.00 PM
_.—:t
—a
24478
242.39
240.00
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
day elapsed at 2-10 °C
Low, normal, high control BG mardL
90.00 - T T 255.00
e—— s " —e—Low control 30mM GA
‘ — at 08.00 AM
80.00 D 3 250.00
‘_'—*_—tt*ﬂ& —m—Low control 30mM GA
T I N —— at 13.00 PM
L 2 S ——
= 70.00 245.00
= ‘mal control 30mM
& GA at 08.00 AM
2
60.00 240.00 == Normal control 30mM
GA at 13.00 PM
50.00 235.00 —— igh control 30mM GA
T at 08.00 AM
L -
40.00 L =1 230.00 —e—High control 30mM GA
o 7 14 21 23 25 27 29 31 33 35 at13.00 PM
day elapsed at 2-10 °C

Fig. 2 Stability of low, normal and high glucose control prepared from protocol 1 were tested

regularly up to 35 days.
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Low control
53.37
51.19
= 49.01 ——30mM GA+ 2.4 mM IA at 08.00 AM
2 4683
Q aaes 9= | _m-30mM GA+ 24 mMIA at 13.00 PM
4247
40.29
38.11
10 12 14 16 18 20 22 24 26 28 30 32 34 36
day elapsed at 2-10 °C
Normal control
81.51
79.35 —o—30mM GA+ 2.4 mM IA at 08.00 AM
AT
=S B
g 7503 - — 30mM GA+ 2.4 mM 1A at 13.00 PM
£
72.87
70.71
68.55
[ 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
day elapsed at 2-10 °C
High control
224.40
222.00 —6—30mM GA+ 2.4 mM IA at 08.00 AM
2 219.60
> —m-30mM GA+ 2.4 mM IA at 13.00 PM
E oz = 3
o
214.80
21240
210.00
0 10 12 14 16 18 20 22 24 26 28 30 32 34 36
day elapsed at 2-10 °C
~—&—Low control 30mM
Low.normal, high control 56 medL GA+ 2.4 mM 1A at
90.00 250.00 08.00 AM
L«
245.00 —m—Low control 30mM
GA+ 2.4 mM IA at
80.00 240.00 13.00 PM
o - 235.00 —#—Normal control
2 70.00 230.00 30mM GA+ 2.4 mM
2 L 225.00 IA at 08.00 AM
60.00 220.00 ‘= Normal control
30mM GA+ 2.4 mM
- 215.00
IA at 13.00 PM
50.00 210.00 s High control 30mM
—- - S —_— 205.00 GA+ 2.4 mM A at
40.00 200.00 08.00 AM
14 21 23 25 27 20 31 33 35 —@—High control 30mM
GA+2.4 mM IA at
day elapsed at 2-10 °C 15.00 P

Fig. 3 Stability of low, normal and high glucose control prepared from

regularly up to 35 days.

protocol 2 were tested
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Table 2 Accuracy average (%) of low, normal and high glucose controls prepared from

protocol 1.
Protocol 1 (30 mMGA)
Lewels of 8.00 AV 13.00 PM %Accuracy (average)
control Day Plasma glucose (average) |Finger tip (average) Plasma glucose (average)| Finger tip (average) ; atDay35
gl (moid) Bias | % Accuracy gl mgdL) Bias | % Accuracy
Day0 47.50 4550 0.04 95.79 46.50 44.33 0.05 95.34
Day7 48.00 4567 0.05 95.14 47.00 4467 0.05 95.04
Day 14 4750 4533 0.05 9544 46.00 4450 0.03 96.74
Day21 47.00 4483 0.05 95.39 46.50 44.33 0.05 95.34
Day23 47.00 4367 0.07 9291 46.00 4367 0.05 94.93
Low control | Day25 50.00 4267 0.15 85.33 48.00 4317 0.10 89.93
Day27 48.00 4217 012 87.85 48.50 42.33 0.13 87.29
Day29 48.00 4133 0.14 86.11 47.00 42.83 0.09 91.13
Day31 50.00 4200 0.16 84.00 48.50 4167 0.14 8591
Day33 49.00 4117 0.16 84.01 50.00 42.00 0.16 84.00
Day 35 49.00 41.00 0.16 83.67 48.00 42.00 0.13 87.50 85.59
Day0 92.50 88.17 0.05 95.32 90.00 87.50 0.03 97.22
Day7 92.00 87.83 0.05 9547 90.50 86.83 0.04 95.95
Day 14 92.00 87.50 0.05 95.11 90.00 87.00 0.03 96.67
Day 21 91.50 87.00 0.05 95.08 92.00 86.83 0.06 94.38
Day23 93.00 87.67 0.06 94.27 90.50 86.50 0.04 95.58
Normal control | Day25 91.50 86.17 0.06 %17 90.00 85.50 0.05 95.00
Day27 92.00 85.67 0.07 93.12 91.50 86.00 0.06 93.99
Day29 90.50 85.67 0.05 94.66 90.00 85.17 0.05 94.63
Day31 91.00 84.67 0.07 93.04 91.00 85.17 0.06 93.59
Day33 91.00 84.67 0.07 93.04 90.50 85.50 0.06 94.48
Day 35 92.00 83.83 0.09 91.12 90.00 84.67 0.06 94.07 92.60
Day0 260.00 250.00 0.04 9.15 268.00 24917 0.03 96.58
Day7 259.50 250.00 0.04 96.34 260.00 249.33 0.04 95.90
Day 14 258.00 250.00 0.03 96.90 258.00 24917 0.03 96.58
Day 21 260.00 249.33 0.04 95.90 258.00 248,67 0.04 96.38
Day23 259.00 24917 0.04 96.20 260.00 24817 0.05 9545
High control | Day25 262.00 248.50 0.05 94.85 260.50 246.83 0.05 94.75
Day27 261.00 24783 0.05 94.96 260.00 246,67 0.05 94.87
Day29 261.50 247.33 0.05 94.58 262.00 246.50 0.06 94.08
Day 31 261.00 24717 0.05 94.70 260.00 246.17 0.05 94.68
Day33 261.00 246.67 0.05 94.51 259.00 24583 0.05 94.92
Day 35 260.00 246.67 0.05 94.87 260.00 24550 0.06 9442 94.65
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Table 3 Accuracy average (%) of low, normal and high glucose controls prepared from

protocol 2.
Protocol 2 (30 MM GA + 2.4 mMIA)
Levels of 8.00 AM 13.00 PM %Accuracy (average)
ot D3y [Prasma glucose Finger tip (average) . Plasma glucose (average) | Finger tip (average) ‘ atDay35
o) gD Bias | % Accuracy gl gD Bias |% Accuracy)

Day0 49.00 46.00 006 | 99.94 50.00 4567 0.09 99.91
Day7 48.00 4583 005 [ 9995 48,00 4550 005 99.95
Day 14 47.50 4467 0.06 99.94 46.00 45.00 0.02 99.98
Day21 48.00 4433 008 [ 9992 48.00 4500 0.06 99.94
Day23 46.00 4483 0.03 99.97 49.00 45.00 0.08 99.92

Lowcontrol | Day25 47,00 4433 006 | 9994 4800 4517 006 | 9994
Day27 4750 4483 006 | 9994 48.00 4483 007 99.93
Day29 47.50 4567 0.04 99.96 47.50 4467 0.06 99.94
Day31 4850 45.33 007 99.93 47.00 4533 0.04 99.96
Day33 48.00 4467 007 | 9993 4950 4567 0.08 99.92
Day35 47.00 45.33 0.04 99.96 48.00 45.00 0.06 99.94 99.95
Day0 78500 75.333 0040 | 99.96 80.00 76.00 005 99.95
Day7 80.000 75.333 0.058 99.94 81.00 75.33 0.07 99.93
Day 14 78.000 75.333 0034 9997 79.00 7550 004 99.96
Day21 78.000 75.333 0.034 99.97 78.00 7567 0.03 99.97
Day?23 80.000 75500 0056 | 99.94 78.00 7550 003 99.97

Normal control{Day 25 79.000 75.333 0046 | 99.95 78.00 75.33 003 99.97
Day27 80.500 75.167 0.066 99.93 78.00 75.00 0.04 99.96
Day29 78.000 75.000 0038 99.96 79.00 75.33 005 99.95
Day31 80.000 75.167 0.060 99.94 80.00 75.33 0.06 99.94
Day33 81.000 75.167 0.072 99.93 80.00 75.50 0.06 99.94
Day35 80.000 74833 0065 | 99.94 80.00 7483 0.06 99.94 99.94
Day0 220.00 218.50 001 99.99 22000 21833 0.01 99.99
Day7 22050 218.00 0.01 99.99 220.00 21767 001 99.99
Day 14 218.00 218.33 000 | 100.00 218.00 21750 000 | 100.00
Day21 220.50 218.83 001 99.99 22000 21733 0.01 99.99
Day23 220.00 21817 0.01 99.99 218.00 217.83 000 | 100.00

High control [Day25 218.00 21783 000 | 10000 21800 21750 000 | 100,00
Day27 220.50 21767 001 99.99 22050 21733 0.01 99.99
Day29 220.00 21867 001 99.99 220.00 217.00 001 99.99
Day31 220.00 218.00 001 99.99 22000 21733 0.01 99.99
Day33 219.00 218.00 0.00 100.00 220.00 21767 0.01 99.99
Day35 220.00 218.00 001 99.99 218.00 21747 000 | 100.00 99.99
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