J Med Tech Assoc Thailand, Vol. 53 No. 1, April 2025 Original Article

Verification of a Blood Glucose Monitoring
System Based on Standard Guidelines:
Evaluating Performance Characteristics

Yuwadee Boonyasitl, Arunsri Chuedoungl, Thummaruk Suksrichavalit®

and Tararat Khaokhiew'”'

'Holistic Health and Medical Diagnostic Center, Faculty of Medical Technology,
Mahidol University, Bangkok, Thailand
*Department of Clinical Chemistry, Faculty of Medical Technology,
Mahidol University, Nakhon Pathom Province, Thailand

Abstract

The Health Impact Blood Glucose Monitoring System Model No. BG-709 and Health
Impact Blood Glucose Test Strip were verified for assessing the performance characteristics,
including precision, linearity, interferences, and system accuracy, in accordance with the Clinical
and Laboratory Standards Institute documents, i.e. EP15-A3, EP06-Ed2, and POCT12-A3, and
ISO 15197:2013 guidelines. The measurement precision was assessed by calculating the standard
deviation (SD) and coefficient of variation (%CV) for each glucose concentration interval. The
repeatability and within-laboratory precision were acceptable across the target blood glucose
ranges (< 100 mg/dL and = 100 mg/dL) for all devices and strip lots with the SDs between
0.95-1.29 and 1.69-2.18, respectively, and with the CVs in the range of 0.60-1.63% and 1.29 -2.68%,
respectively. Moreover, the results of meter-to-meter comparison showed no significance differences
between the groups (p-value =0.160, 0.486 and 0.941). To determine the linearity verification, the
allowable deviation from linearity (ADL) criterion was set to be 5%. Indeed, the results demonstrated
that the proposed system met this criterion. Regression analysis was also performed to calculate
the correlation coefficient (), which was found to be within the range of 0.9984-0.9998. The
acceptable recoveries ranged from 96.67% to 108.33%, with linearity observed in the range of 30
to 550 mg/dL. Additionally, the interferences, i.e. galactose (15 mg/dL), maltose (1,250 mg/dL),
icodextrin (1,094.4 mg/dL), triglyceride (1,850 mg/dL), and packed cell volume (0-70%), did not
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interfere with the measurement results. In summary, the system accuracy of Health Impact Blood
Glucose Monitoring System met the acceptance criteria of CLSIPOCT12-A3 and ISO 15197:2013

requirements for evaluating blood glucose level.

Keywords: Blood glucose monitoring system, Within-laboratory precision, Allowable deviation

from linearity, Packed cell volume, System accuracy
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of variance (ANOVA) ‘;T;dﬁmuﬂmﬁﬂﬁ”lﬁmu
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37uMY Bland-Altman bias plot
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within-laboratory precision Wuldananaain
Ao o ¥ A aa
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0.9-1.5 mg/dL
1.5-3.0 mg/dL e1ua1au
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]
a o

d! ISP ¥ 1 o Y A o ¥
mumuaﬂﬂ’mﬂmmmmvmqwaﬁmwuﬂ"h

(4 mg/dL) M lunsaifnansnruaANAmMNIN

90 Yyayand uazan

uamnduduveangladuinnil 100 mg/dL
1 %CV eglugislesar 0.60-1.8 uazlu
[l 4 o o 4! S Y 1
$1950waz 1.3-2.7 suaau Taladesnin
o’d’ a o ¥ a ° % Vv

tnannusEndnaamruall (Fewvaz 4)
fauamaly Table 1 wannnlnamslsouieo
Uszifiudsz@nsnmmdruanuusiudrveainiag

%4
asrvdaszavihnaaluidaeasianam (meter-
to-meter comparison) NUIU 5 GERK
MUANIAILANAMMN 911U 3 52FY (level 1;
36-108 mg/dL, level 2; 144-216 mg/dL
uaz level 3; 252-396 mg/dL) wui auaae
Tumsanaiaszdivihmanglaadienisniiaia
o A ] ' o | Ao o
U 5 @309 Wnalduanmeiuedestidodifa
nMeana Iaedlal p-value = 0.160, 0.486 waz
0.941 yuadu

Table 1 Measurement repeatability and within-laboratory precision results for the Health Impact

Blood Glucose Monitoring System Model No. BG-709 and the Health Impact Blood Glucose

Test Strip Model No. BS-602.

Glucose Control Solutions

36-108 mg/dL

144-216 mg/dL 252-396 mg/dL

Glucometer - Strip Within- Within- Within-
No. Lot. Repeatability LBty Repeatability iy Repeatability LB
SD %CV SD %CV SD %CV SD  %CV SD  %CV SD  %CV

GS70032 11 16 21 30 30 16 39 22 40 12 82 25

G'“ﬁg@fter GS70033 09 13 17 24 19 10 24 13 31 09 50 15
GS70034 1.3 18 22 31 10 06 37 22 40 13 81 27

GS70032 1.4 20 22 31 21 11 48 26 59 18 85 26

G'Lﬁgfn;ter GS70033 1.3 18 19 27 24 13 34 18 39 12 52 16
GS70034 0.8 11 26 36 21 13 22 14 43 14 68 2.2

GS70032 11 15 21 30 26 14 42 23 56 17 89 27
G'“ﬁg_mgter GS70033 11 15 21 29 17 09 38 20 43 13 50 16
GS70034 1.0 14 30 43 22 13 53 32 32 10 79 26
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Table 1 Measurement repeatability and within-laboratory precision results for the Health Impact

Blood Glucose Monitoring System Model No. BG-709 and the Health Impact Blood Glucose

Test Strip Model No. BS-602. (Cont.)

Glucose Control Solutions

36-108 mg/dL

144-216 mg/dL 252-396 mg/dL

Glucometer Strip

No. Lot.  Repeatability L:l;lti:g?c;ry Repeatability L:g:)t:‘;:;ry Repeatability Lavl\)lgrei?t;ry
SD %CV SD %CV SD %CV SD %CV SD %CV SD  %CV

GS70032 09 13 1.6 23 19 10 36 20 45 14 87 27

G'”ﬁgf”fter GS70033 15 21 20 29 20 11 49 27 42 13 48 15
GS70034 1.0 14 16 =22 21 13 38 23 35 12 73 24

GS70032 1.2 17 22 31 26 14 44 24 57 17 75 23

G'”ﬁg@gter GS70033 1.3 18 15 22 25 13 43 23 40 12 50 15
GS70034 12 16 21 30 15 09 38 23 35 11 61 20

I v

2. msnadgauanutiudunsy

wamslszmumanadauanuithudunss
WU FRMMINSNURaMINAdeUANNTIUEUAT
ag U329 30-550 mg/dL Tnediaumsnanasizaidu
M54 1MNY y =1.0331x-0.8503 waz M r=0.9997
= ' s o A o
Fapglunaeindivua nd1fe ANNFY (slope)
Tuanmsnnnes@aduasa drmoglugie 0.90-1.10

I qpn91n1

wazem 7 AAannnvisewniy 0.99
%recovery HfogluzIv 97.8-106.1 Faudaa
T % Fig. 1(a) Feeglunaeindmuna nanfe

1 %recovery nunnnmseiiuiesaz 90"?
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79 lumsdanyd Tammamnsdanuiu
GATGER (linearity analysis) Iagmsmviuasn
allowable deviation from linearity (ADL)
Vo v = ' &

whAvdesas 5 Fanun msnadeuanuily
) ' g v MY o .

duasseglutnamneeniula dauaadly Fig.
1(b) yennAl wamIsnadeuaNnNuduass
YpapTeInsldaszdvinamalutdsastiannm
F1UU 5 1ATRY WU aNMIAADBYFTUTUAT
uAanudu eglusia 1.0080-1.0363 waz
M r 8glue 0.9984- 0.9998 way %recovery
ueeglugig 96.67-108.33 Aaudnadly Table 2
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Fig. 1 Linearity verification results of (a) the Health Impact Blood Glucose Monitoring System and (b)

the comparison of ADL to deviation from linearity.

Abbreviations: ADL, allowable deviation from linearity; Cl, confidence interval.
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Table 2 Linearity verification results of the Health Impact Blood Glucose Monitoring System Model

No. BG-709 and the Health Impact Blood Glucose Test Strip Model No. BS-602.

95% Confidence Linear Correlation
Glucometer .
\ Sample Mean SD %Recovery Interval Limit Regression  Coefficient
O.
Lower Upper SqEatel Z
1 29.00 1.41 96.67 28.27 to 5.44
2 133.00 1.41 99.25 -8.16  to -0.21
Glucometer 3 253.50 2.12 106.51 1.27 to 5.77 y = 1.0199x +
0.9990
No. 1 4 355.00 4.24  103.80 042 10273 2.1406
5 465.00 424  104.26 054 t02.95
6 552.00 2.83  100.36 2.95 to-0.99
1 30.00 0.00  100.00 861 108.32
2 131.00 1.41 97.76 -15.05 to 1.88
Glucometer 3 25250 212  106.09 099 101594 y_10331x-
0.9995
No. 2 4 355.00 8.49  103.80 -5.94 to 10.99 0.8503
5 459.50 2.12  103.03 -8.88 108.05
6 56450 6.36  102.64  -11.32 to 5.61
1 30.00 0.00  100.00 1.77 10 42.42
2 133.50 0.71 99.63 290 t04.65
Glucometer 3 239.00 2.83 100.42 -2.54 to 1.62 y = 1.0363x -
0.9984
No. 3 4 341.50 0.71 99.85 -3.27  to0-0.40 6.5165
5 440.00 5.66 98.65 -453 to-2.34
6 580.00 1.41 105.45 2.05 t03.83
1 32,50 0.71 108.33 279 10 22.42
2 131.50 0.71 98.13 -4.95 10 0.60
Glucometer 3 239.50 0.71 100.63 146 10166y 1008x-
0.9997
No. 4 4 34500 1.41 100.88 082 101.35 0.6438
5 44350 3.54 99.44 204 to-0.37
6 558.00 2.83  101.45 0.10  to 1.44
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Table 2 Linearity verification results of the Health Impact Blood Glucose Monitoring System Model
No. BG-709 and the Health Impact Blood Glucose Test Strip Model No. BS-602. (Cont.)

95% Confidence Linear Correlation
Glucometer A
\ Sample Mean SD %Recovery Interval Limit Regression  Coefficient
o.
Lower Upper Equation (n
1 30.50 0.71 101.67 -14.96  to 7.60
2 134.50 0.71 100.37 -5.17 to 0.00
Glucometer 8 24950 0.71 10483 060 10852 10931+
0.9998
No. 5 4 35300 1.41  103.22 -0.41  t01.63 0.9744
5 458.00 4.24 102.69 -0.62 to 0.94
6 560.50 0.71 101.91 -1.20 to 0.07

3. msnadgauassunulfasn
wan1sdsziiunisnadoualssunIu
UaaAseluBnaiimun Eus vhena galactose
{fwna maltose icodextrin uae triglyceride
W Aszduanududy 15 mg/dL anudadu
1,000-1,250 mg/dL anuidndu 1,094.4 mg/dL
wazANNANIY 1,500-1,875 mg/dL auady
Tidsnasuniudenisnirainszduihaiaves
1n30ansrviaszduihaaluideasianam
Fauansly Table 3 ofia lunsdlfidrogadl
anunduveanglaalugie 50-100 mg/dL
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(Hewnd1 100 mg/dL) 11U MANNUANAINVDY
foganagey (test sample) (oINoUAUAIBE
AIUAN (control sample) WinanNNUANAIS
lumsanaiasinangladhitiu 10 mg/dL
y X qd o oA LY,

il lunsaindredrananudniuvesnglad
1u$19 250-350 mg/dL (nanmseiiiy 100
mg/dL) T AANuLANAIIYBIfIBE1aNAdaY
(test sample) (HaLNgUALFAIDEIAIVAN (control

L4 J s

sample) lnaanuuanavlumnsaiaffinu
ngladliiuiesaz 10
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Table 3 The interference of various tested substances on the accuracy of the glucose measurements.

Glucose levels

Concentration

Substance tested 50-100 mg/dL 250-350 mg/dL
(mg/dL)
Absolute difference (mg/dL)? Percentage difference (%)”

Galactose 15 0.0 1.48

1,250 4.5 7.79

Maltose

1,000 3.0 2.88
lcodextrin 1,094.4 0.5 3.50

1,850 2.5 1.71
Triglyceride

1,500 0.5 1.93

“Absolute difference = |Resu|tTest - Result

Control

“Percentage difference = (Result_ - Result_ / Result__

wamsdsziiunmsnaasulsunasisas
indendauiy (packed cell volume) Nddna
AaMIATIVIATZAVINAAVDALATRINTIVIATZAY
haalutaeasiianany wud @redraasa
niSnasaddawiulurisdesas 0-70 lvina

w 2 A sa o WY
msanvimhmanglaaiedlunamngeniyla
= Ao oA v v
aila lunsdindegalinnuinyuveanglaedly

v

$19 30-50 mg/dL (Yesnd1 100 mg/dL) iU
Manuuanaaveasnagalundazlsinasiwad

o ]

A A Y oA & '
DALLUY LN?JLﬂﬂUﬂUﬂ?ﬂﬂTQNlﬁN']ﬂiLGﬁaaﬂﬂLLuu

P

o

Nszdviovay 42 + 2 (mid-level packed cell

160-68 #in 0.00000000000000 000000 00 53-1 p.6.indd 9387

rol) x 100

nt

volume) Winaanuuanmalumsasiaiadsunm
ngladlitiy 10 mg/dL Aauanadly Fig. 2(a) Wail
lunsdifidredadinnududuveanglaaluga
96-144 mg/dL uaz 280-420 mg/dL (:NAANHID
ti1Ay 100 mg/dL) Ty Manuuanmavea
hotraluudazFinasiadsawiu ey
fhetaihBinasradsauiuiisyiudovas 42 + 2
(mid-level packed cell volume) WWinaanu
uanenslumsanvinSinangladhiiuiesas 10
fauanslu Fig. 2(b)
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Bias from mid-level
packed cell volume (%)

A Glucose concentration (96 - 144 mg/dL)
B Glucose concentration (280 - 420 mg/dL)

——— 1SO Acceptance Criteria ( £ 10%)
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Fig. 2 Effect of varying levels of hematocrit on the accuracy of glucose measurements: (a) low glucose
concentration and (b) middle and high glucose concentrations: (®) 30-50 mg/dL,
(A) 96-144 mg/dL, (M) 280-420 mg/dL.

4. myszdiuanugnasIvedszuy Monitoring System Model No. BG-709 fiu
woatlseuguaimsiaszduihata  dnaspunlFluriesfiidns Cobas 6000:c501

¥ a o v 2 A ' ¥ Y o o . P
naladdleinlesnsiviassdvinaialuiden  wuh Wnadeandesriu daudasly Fig. 3(a) lngd
yiawAwl Health Impact Blood Glucose — @NMINANOUIBILAUATI LNAY y = 1.0095x +
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1.1480 wazdl r 0.9968 uoNINL
HaN1TYIzIiUAIINGNABIVBITTUYNY I
A1ANNUANAIY (bias plot) UBINITIATLAU
{fmmngiﬂaﬁwLﬂéaamaﬁmzﬁuﬁwmﬁluLﬁaﬂ

¥UAWNW1 Health Impact Blood Glucose

9389

Monitoring System Model No. BG-709
waAsnasguiFlufenliiamsiuegluin st
mudemvua ISO 15197:2013 waz CLSI
POCTI12-A3 @audadlu Fig. 3(b)

(a)A 600
—
z
OD 7
g 5004 y = 1.0095x + 1.1480 78
£ r=0.9968 z7
+~ ’
2. 400 s
5 A 7 =
< on 72 -
gE 7 ° ///
=3 300 - 7 & P
§ g /// oz
éz /// ////
y 200 1 o
S ‘s
Q =z
=
O 100 A >
2 —— 1S015197: 2013
3 ——— CLSIPOCT 12-A3
m 0 T T T T
0 100 200 300 400 500
Cobas 6000:¢501 (mg/dL)
(b) =
Z 80
5
g
2601
2
Ln) 40 |
~ 5
S 2
W% 207
££
9 £ 0 1
Q o
52
% g 204
B3
K -40 A
m
£ 607 ——15015197: 2013
= ——— CLSIPOCT 12-A3
3 80 : : ; :
= 0 100 200 300 400 500

Cobas 6000:c501 (mg/dL)

Fig. 3 Comparison of the Health Impact Blood Glucose Monitoring System Model No. BG-709 and

the Cobas 6000:c501 reference method for glucose assay (N = 60) using (a) regression

analysis and (b) a Bland-Altman bias plot
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Wail nan1sdsziiuANgNAB U8
szuvegluinasifiseniulfaudedmua 150
15197:2013 waz CLSI POCTI12-A3 Tagl#
wamtlazifiuegivosas 100 uazievaz 98.33
muddy daudadly Table 4 dailannani
Sawaz 95 ‘llaﬁﬁ”lu’Juﬂﬁﬂﬂﬁa‘]J%Jﬂuﬂ afiq
mudamvruave ISO 15197:2013 ldmmualih
TunamInadeuiminanvseinuiesas
95 YpanIIUMINAdRUTHINIA TagANy
uand9glugIe £ 15 me/dL Tunsdlneneghail

90 Yyayand uazan

anudinduvesnglaatiesndt 100 mg/dL uaz
manuuansaeglusi + 15% lunsdiideda
uanudiduveanglnamAnivisewniy 100 mg/dL
fivi dorimiees CLSI POCT12-A3 éimmualsh
nuRammadeviimnNanivissuhiuiesas 95
vpasauMImadeuionua Tnsmanuuanas
oglusha + 12 mg/dL Wnsdifidegaiiamudaiu
voanglaatiosndn 100 mg/dL wazmMaANNUANE
ogluga + 12.5% lunsdifidodafiaandudu
voangladinnimseiiy 100 mg/dL

Table 4 System accuracy of the Health Impact Blood Glucose Monitoring System Model No. BG-709

and the Health Impact Blood Glucose Test Strip Model No. BS-602 compared with Cobas

6000:¢c501 reference method.

Standard Glucose levels
guidelines Criteria (ma/dL) Number % Within
ISO 156197:2013  within £ 15 mg/dL < 100 30/30 100.00%
within = 15% > 100 30/30 100.00%
within £ 15 mg/dL and = 15% Total 60/60 100.00%
CLSI POCT12-A3  within + 12 mg/dL < 100 29/30 96.67%
within = 12.5% > 100 30/30 100.00%
within + 12 mg/dL and + 12.5% Total 59/60 98.33%

a C4

I3
namsdsziluMuANULU§IveTT Y
ﬂ'li@]i')ﬁ]'iﬂizﬁﬂﬁ'l@ﬂﬂﬁluLaﬂﬂ‘]ﬂ’aﬂWﬂ‘W'l “lﬁwa
MINATBUANNUAUL repeatability Laz within-
laboratory precision Huldasnaeinussm

k4

mvuald uenanil maiinsan naeiines;Iu
Tumseaniu (acceptable criteria) ANMUUULN
- .. Ray ¢
within-run (g between-run precision F4l5LnaN

% CV Lﬂu%aﬂﬁz 5 uaz 6.6 MUMA Iﬂmﬂm"ﬁ
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Mumsssfuanuwiuei muuam %CV
fogldiiu 0.25 waz 0.33 whweed allowable
total error (TEa) suardu® daf TEa v04
msanviangladlu@eansudiu (whole blood)
Ao%ouaz 20 1 wuh seansreiaszdnima
ludensilamnnil aglunamiioensuls Tnsiie
%CV ogluzidevar 0.60-2.1 uazluzirevay
1.3-43 euady il namsAnuly Table 1

wanalviAiudaanuuana1alulszansaiw
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=) ) a a a
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Tunsainansmvaunammianudaduveanglad
Hoond1 100 mg/dL 1iu # standard deviation (SD)
mstlesnn 4 mg/dL uazlunsdinansmivax
AumuiaNudNTuveInglaainnnd 100 mg/dL
M coefficient of variation (%CV) A35HgnN
1 = = - Y & =
Sovar 4 ol msAnvluaiall wanslvdiuns
ANNAAYVBINITAIVANAMAINIZN TG00
AMsuae wazanuddulunisnasansoa
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o a a s I % k% I’
dnsumsiensianuiudunss Inglsnamlu
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CLSI EP06-Ed2 'lamyualii namilums
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M TE w3etlosn®

a
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