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Evaluation of the Self-Testing Blood Glucose Monitoring System GlucoDr.S According to
ISO 15197:2013 Guidelines
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Background: The performance of the self-monitoring of blood glucose in patients with diabetes should be properly evaluated to ensure strict
glycemic control. This study evaluated the self-testing Blood Glucose Monitoring System GlucoDr.S™ (All Medicus Co., Ltd., Korea).

Methods: This study recruited 120 patients. Use of the glucometer was evaluated according to ISO 15197:2013 guidelines. The YSI 2300 STAT
PLUS Glucose Analyzer (YSI Life Sciences, USA) was used as the reference device.

Results: The standard deviation and coefficients of variation ranges for measurement repeatability and intermediate measurement precision
conducted with 10 meters and 3 reagent lots on the same day were 2.7-3.2 mg/dL (<100 mg/dL) and 3.4-3.7% (=100 mg/dL), respectively,
and 3.7 mg/dL (<100 mg/dL) and 2.1-2.6% (=100 mg/dL), respectively. Each coefficient of determination (R?) for linearity of the 3 reagent lots
was >0.99. The influence effect of hematocrit and the 24 interference agents was not significant, except for xylose. A system accuracy test was
conducted with 100 subjects taking duplicate measurements from each of the 3 reagent lots. When glucose levels were <100 mg/dL and =100
mg/dL, >95% of the samples were within & 15 mg/dL and within & 15% of the average measured values of the reference measurement, re-
spectively. In Consensus Error grid analysis, all results were distributed in zone A and B. The results of the user performance evaluation using 115
lay persons were also included in the acceptance range.

Conclusions: The GlucoDr.S™ showed acceptable performance according to the ISO 15197:2013 guidelines and could be a clinically useful self-
testing glucometer.
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International Organization for Standardization (ISO) 15197 [8, 913}
Clinical and Laboratory Standards Institute (CLSD A|&[10-14]2 ¥
< 4= 9k 10 151979) 7% 20034 137Ho] ey ]9l [8], 20131
A HE 7JAE] o] 1SO 15197:2013 20| HEZHE ATHIL 7§ % 1SO15197:
20132 71& el vlsl B sk qde 7HE 2 ke A8
9] 71527t 75 mg/dLef A 100 mg/dLE ¥73=lem, 7]& &
| 921 HQ] +15 mg/dL (75 mg/dL m]9h) EX= +20% (75 mg/dL
o]Zholl Al +15 mg/dL (100 mg/dL m]9¥h HF= +15% (100 mg/dL
o hE ZetEl 2 Wi 2914 TMlEAS IF Bkl diet &
o] LQJE AlolrH1s)

2 AL A= 1SO 15197:20130]) Gharo] U Al55-2) o]
(Ministry of Food and Drug Safety, MFDS) 4]3%2]oF3ZoFA s 71-2]
oA AAIRE A6l whet Adso] E IS AL
glo] GlucoDr.S™ (All Medicus Co., Ltd., Anyang, Korea)2] A%<
¥k shsic
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GlucoDr.S™ 7|18 GZ A 2H 0o F7HE Sl 7|2 =gl
AGM-513S2 Al J3st3i:. o] 7]7]= Skl ofvd tw2
| 2 E]=(Flavin adenine dinucleotide, FAD)S X8 AR dfal &
T A G A(glucose dehydrogenase) BIH1-S &-g-510] A7)
SpetAl o 2 dite S sk WAS FRITHIT) Akl AH-E A
AR 3% THEHE (2 E)= F16A11213, E16A13213, E16A302139]
1 8719} A, ZA7) o)z S 2sier) Bbo] A8 7]
% A= YSI 2300 STAT PLUS Glucose Analyzer (YSI Life Sci-
ences, Yellow Springs, OH, USA)E ©|-&3}3tt. A 142&E
(hematocrit) ZITHIAF Sl ol A ZI3Y3E A7 9] 739, XE-2100
Hematology Analyzer (Sysmex Corp., Kobe, Japan)&, Uj1}o]| 4]
283t A1§ 2] 79 HemoCue (HemoCue Inc., Mission Viejo, CA,
USA= =435}tk
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A % (precision)= ISO 15197:20130]1 4] A A|5F ZAWHE A (mea-
surement repeatability) 7} 57+ AU = (intermediate measure-
ment precision), & 7A| 2 75Tk

SRR b= A2 E 0] 35-50%0|7 AlgteollA] i
w712 s % 7kevel 1, 30-50 mg/dL; level 2, 51-110
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2EG 107119 47100 10214 S7sto] S| 5= -t gk
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SUHEAELE F7HS SfsliA, All Medicus Aol A] A3t 47}
2] Er o] gl z=FZAevel 1, 30-50 mg/dL; level 2, 96-144 mg/dL;
level 3, 280420 mg/dL; level 4, 425-550 mg/dL)S 3% ZEO] &
G2 AAAE AFgele] 27} ol 1314 % 1020] AA o
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2 3% 3 87 Hk-S- TA|(dose-response evaluation) A 32

Alof| thsto] 213y 1ﬂr 7 a5 11 ﬁxﬂ %13[16]
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Table 1o WeRSITh S78RHEA] 7o) AR =2 HlolA|
= FE 115 59 Histo] Zk2F 2.7 me/dL, 3.2 mg/dL, 3.7%,
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Table 1. Data analysis and presentation for precision of GlucoDr.S™

Measurement repeatability™

Intermediate measurement precision*

Level 1 Level 2 Level 3 Level 4 Level 5 Level 1 Level 2 Level 3 Level 4
Standard concentration, YSI (mg/dL) 39.1 85.5 121.0 205.0 3520 372 118.0 353.0 5200
Mean (mg/dL) 423 819 113.0 185.0 3150 380 119.0 353.0 514.0
SD (mg/dL) 2.7 32 42 6.3 1.7 14 26 74 133
CV (%%0) 6.3 39 37 34 37 37 22 2.1 26

*Measurement repeatability test was conducted with 10 meters, 3 reagent lots, and 5 sample levels (Level 1, 30-50 mg/dL; Level 2, 51-110 mg/dL; Level 3, 111-150 mg/dL;
Level 4, 151-250 mg/dL; Level 5, 251-400 mg/dL) with glucose concentrations representing hyperglycemic, euglycemic and hypoglycemic conditions. Ten measurements
were performed with each combination of meter, reagent lot and sample. In other words, each sample (level) was measured 300 times (10 meters x 3 reagent lots x 10 mea-
surements); 'Intermediated measurement precision test was performed with control materials. The evaluation was conducted with one measurement of each sample per day
and 10 meters, 3 reagent lots, and 4 sample levels (Level 1, 30-50 mg/dL; Level 2, 96-144 mg/dL; Level 3, 280-420 mg/dL; Level 4, 425-550 mg/dL) with glucose concentra-
tions representing hyperglycemic, euglycemic and hypoglycemic conditions over 10 days. In other words, each sample (level) was measured 300 times (10 meters x 3 reagent

lots x 1 measurement/day x 10 days).
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Fig. 1. Linearity results of the three lots of GlucoDr.S™. Linearity test
was conducted with 9 m, 3 reagent lots, and 11 sample levels. One

tester was performed with each combination of reagent lot and sam-
ple within one day. Good linearity was indicated at R*>0.99.

2. BiMd ot

A4 H7h D L(Fig DE 2 REME AU 2E 12 7]
27] 0.8894, yAH -0.6834, R?=0.8894, £ E 2= 7127 09332, y
A¥ 39339, R?=09990, 18]3l RE 32 7187] 09017, y&H
04843, R*=09997 g 2h= 212 Uit & 2A 9 21
mg/dLefl Al X311 Ei 613 mg/dL7IA] A RES] 7|87|= 247}
0.8894, 09332, 0901702 B ZHAAIS= (RH7} 099 o149l =2
A1/3E BRIckFig. 1.
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Table 2. Paired difference interference testing® of GlucoDr.S™

Mean difference in bias from control

Test concen-

Bias for glucose  Bias for glucose

Substance tration
(mg/dL) levels, 50-100  levels, 250-350
mg/dL (mg/dL) mg/dL (%)

Acetaminophen 20 3.0 1.6
Ascorbic acid 6 57 2.1
Bilirubin 25 12 -13
Cholesterol 505 -5.6 -24
Creatinine 5 -15 1.7
Dopamine 1.5 69 34
EDTA 360 -19 0.7
Galactose 15 43 0.0
Gentisic acid 18 42 -04
Glutathione 93 1.1 0.4
Hemoglobin 20,000 7.7 40
Heparin 2.143 -0.7 -1.6
lbuprofen 50 -1.0 -1.0
Icodextrin 460 -3.2 1.2
L-DOPA 05 2.7 -0.2
Maltose 100 -23 0.5
Methyl-DOPA 1.5 6.2 34
Pralidoxime iodide (PAM) 80 213 -260
Salicylic acid 60 -0.5 -20
Tolazamide 10 29 -10
Tolbutamide 64 20 -0.6
Triglycerides 3333 59 1.6
Uric acid 24 238 NT
Xylose 20 18.0 52

*The interference effects were described in the instructions for use if they met ei-
ther of the following performance criteria.

— For glucose concentrations < 100 mg/dL, the average difference between the
test sample and the control sample exceeds 10 mg/dL.

— For glucose concentrations = 100 mg/dL, the average difference between the
test sample and the control sample exceeds 10%.

Abbreviations: L-DOPA, L-3,4-dihydroxyphenylalanin; NT, Not tested.

A, B 100 mg/dL B3] 79, B Zgko] A HBTGA
@290 T3 ZAG 71202 03 +10 mg/dL o] chic
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Fig. 2. Packed cell volume test. (A) glucose level: 30-50 mg/dL; (B) 96-
144 mg/dL; (C) 280-420 mg/dL.

g 100 mg/dL o FellAl= Hat 2 A7F £10% mlvto|3lh(Fig.
2). mrebA] AYL-§A g w2 G B7h Aibs 587 1EET
100 mg/dL w]gholl A AL} 7] 4] 2k 2Fo] +10 mg/dL ]
W, 1 100 mg/dL ool Al AL} 71 ] 7ke] 2Fo] £10%
olu) H¢] Wil 9lo. B & 3]-8-(acceptable) TS U™ <= ik
THEA 2450 tiste] Agst Aak(Table 2), 215-2] 7%
Z A 7o} vlwsto], it 100 mg/dL H|FH50-100 mg/dL F-7hol]
A Fat ZAgko] @21 £10 mg/dL vjgto]glen, et 100 mg/
dL 0]4H(250-350 mg/dL FZhef| A= 22} £10% v]qk X}l & K
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Table 3. Dose response interference testing of GlucoDr.S™

Upper concentration limit at which

Maximum test  pere is no interference (mg/dL)

Substance™ concentration
(mg/dV) Glucose levels, Glucose levels,
50-100 mg/dL 250350 mg/dL
Pralidoxime iodide (PAM) 80 20 10
Uric acid 24 8 24
Xylose 20 1 20

*PAM, uric acid, and xylose exceeded the acceptability criteria in interference test-
ing (Table 2).

ek 5, 2152 318712(E7 100 mg/dL wRtol A Al =0}
A= 7He] 2ol £10 mg/dL o}, E 100 mg/dL o]l A]
AAA = A = 7Fe] 2ol +£10% o)) M Hofl JleB=
3-8 AL WE 4= Ak FARE PAM (pralidoxime iodide), uric

= MEE 7IEsE Wl Y 7S HlojuA
27150 2§25 uHS T TS FASHATHTable 3). A 100
mg/dL 1|9k L7Fo) A= PAM 20 mg/dL, uric acid 8 mg/dL, xylose
11 mg/dL oJsHite] 212} thzAlm ot AHAI =S| Bt 2Fe]7} 10
mg/dL w[RHelS ZRIskgint. Y 100 mg/dL o ol A=
PAM 10 mg/dL, uric acid 24 mg/dL, xylose 20 mg/dL ©]a}5-¢ Zt
7} Bt 2ol 7k 10% m|Rkolgiek wheba] 18O 15197:2013 71zl 9f
Aol PAM, uric acid, xylose+= 212} 10 mg/dL, 8 mg/dL, 11 mg/
AL B 2750 Aare 54 o5 & Sl

acid, xylose

4, MAH Hste "ot

AR S o] 83k AlAE] ek oAl 100 mg/
dL m]ekel 156709) mA|TEN Az F 153702 A= (98.1%)7} 7]
TEke] £15 mg/dL ool F3Eskar, Fe 100 mg/dL o]4F}] 444
o] BAHEN A& F 77k 43670 Al=(98.2%)7F 714k
O] £15% oJufje]l FazstaL SUSITh(Fig. 3A). wHebA], A 60071<]
HATEN AR F 58970 AlR(98.2%)= 3% 7153 HA As
71 el Qlom mf U] 0.5 Ax} Age] Hazsh= A g
2laHcHFig. 3B).

quigolo g7 Hrkgt Axk de 100 mg/dL wgkel 156749] 4
Wl A7 W 7123 £15 mg/dL ofufel] azskar, dnt
100 mg/dL o]4F31 4447119] WATHEN Al 2= 7]E4E £15% ©]
ol 438711 A1 R(98.6%)7}F B2k QIQIth(Fig. 30). whebA], A
6007119] AW EN A7 F- 5947 A= (99.0%)= 518 7Hs3t 24
A% 71 Well olom, dx] oF Azt &4 Al AGe] 5997H
(99.8%), B 17](0.2%)7} £-3E51H= 218 <15tSATh(Fig. 3D).

A2g] Ao g71o] 5187152 E 100 mg/dL gk A 4
A2t 715 AH] 742 2fo] £15 mg/dL oJW(95% Al=]413h), g
100 mg/dL o} ol A A2} 7] Au] 7he] ZFo] +15% o[ H(95%
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Fig. 3. System accuracy of GlucoDr.S™. (A) Difference-plots of capillary blood samples; (B) Clarke error grid analysis of capillary blood samples; (C)
Difference-plots of venous blood samples; (D) Clarke error grid analysis of venous blood samples. A zone: No effect on clinical action, B zone: Little
or no effect on clinical outcome.

A7), 99% S7g%ke] Al @ AR A, B o]l 3= A-EAF 23T B7HY] 3871 EF 100 mg/dL m]Rof|A] B
Aol APEO) Ao} AUEe] 20 BE S8 BHL Ul E7PE 348 GlucoDrs™ Azke} A 24 v ) 2
2 2 99t} T} 7k] Apo] +15 mg/dL ©]Wj(95% A1=FE7h), Ei 100 mg/dL ©]
ApollA] 7ol +15% Ol AZFIOIE 2 518 TS

5. Al 2t &5 g7t T U

A 1157]9] Al =ofl A D 100 mg/dL w]wkQl 2471 9] BLAIHE
N AlF= 7|27k +15 mg/dL oUjo]] % Bxslar o 100 o
mg/dL 014391 917)e] s A EEel AR 71Zgke] +15% olufol
8770(95.6%)2] A&7} 3L QUATHFig. 4A). whebA, AA 115 40 H7} AIH(Table DS aLsk, oAl gk 5% CLIA
78] BATEN A7 = 1117)] A2 (965%)= 3-8 7153 2|4 88 (Clinical Laboratory Improvement Amendments of 1988)0]|4]
A5 71 ol oml, % olx] 0.5 Za) Agolol] RESFE A AAIE 719l 10% Ol S FHAI gholehall, ZukaA 3
2 &0131$th(Fig. 4B). 7F= level 1-5, 57)9) £7te 2 272 A AU E Bl level 1-4,
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Fig. 4. User performance test. (A) Difference-plots; (B) Clarke error grid analysis. A zone: No effect on clinical action, B zone: Little or no effect on

clinical outcome.
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National Health and Nutrition Examination Survey [23]o] A+
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variation, CV,) 3]-&HE|E 15%2 o135k it 18 & A3 9]
A= Table 12 B, S22 AAUE B719] level 22} level 3

& Agfal RE oA} 15%E Holuek 2 shegls o
7F AFBlel= ol ix|ut A AL 1 Q= k2 ol fEt
A 2R A HoAl FA] o]2iRh oS Holm[24-26],

GlucoDr.S™2] 79 SA4NHEA] 71e] 2|4 5= 7k A|efs}
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2hA] A4 M F-85HA AHEE 5 S A
=2 o=t

7HQ1-8 FFEA7 = tiFE 7oA dRbelEo] AF8-38kaL 9l
7] o], A Q1=ell ol sl A= B7F AZQ1 CLSI AR k=
ohE 3523} o] F astet “CLSIEP0S-A3 A=k AAM RS 4
U F7Pol A el whet AijbskHs AAL AR TheFai,
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POCT06 EEG 248 05} MEZ 220 w2 o3k o 1.5_ xg;}
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WAL s} Qlk 2 AHolg S Ak Ado] dnh 3

W Ueh=Alof tiet H5-2 CLSIE T FEsirfar & 4= ot

2} Z O] AAIGH critical value)> AAFA T OF7ke] 7]
Zpol7h Qlont tirka=o] HARHo] 4 AR 40-59 mg/dL,
31 AAZEE 400-599 mg/dLE 21 QItH27). G L
A7HSHS(AMR)7} 20-600 mg/dLo|m, o]H QLo A X4
211 A HYE xFH 21-613 mg/dLoA] =2 A4S
ojlE® iAo m gxte] fel Bl A wE St EY WS T
5] Z3Felh= Ao & & 4= lrhdl.

Aol ARE-E 2450 T EE2 85 oL &2 A |
9D EE opdoln, tit A0S Helrkal Gzl weolAf 7t
Aol 5 Eksklth(Table 2). wheba] THd=4 T 715l
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FEE EAE Ao)7] wize] e E AL
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