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Comparing the Efficacy of Samsung LABGEO PT10 and Bio-Rad Variant Il Turbo for
HbA1c Measurement in Three Types of Blood Samples
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Background: Hemoglobin Alc (HbAlc) is a good marker for monitoring glycemic control. The Samsung LABGEO PT10 HbAlc test (Samsung
Electronics, Korea) was developed as a point-of-care testing approach. This study evaluated the levels of HbAlc in three different types of blood
specimens using two different methods.

Methods: We used correlation analyses to compare the results obtained using Samsung LABGEO PT10 and Bio-Rad Variant II Turbo (Bio-Rad
Laboratories, USA) to determine the levels of HbAlc in three different types of blood samples: capillary blood, EDTA whole blood, and lithium (Li)-
heparin whole blood.

Results: The correlation coefficient for the level of HbAlc in capillary blood based on LABGEO PT10 vs. that in EDTA whole blood based on the
Variant II Turbo was r=0.9619; that in capillary blood based on LABGEO PT10 vs. that in Li-heparin whole blood based on the Variant II Turbo was
r=0.9619; that in capillary blood vs. that in EDTA whole blood based on the LABGEO PT10 was r=0.9697; that in capillary blood vs. that in Li-hepa-
rin whole blood based on the LABGEO PT10 was r=0.9724; and that in EDTA whole blood vs. that in Li-heparin whole blood based on the LABGEO
PT10 was r=0.9730.

Conclusions: The LABGEO PT10 was suitable for analyzing HbAlc. The results for the measurement of HbALc levels in capillary blood were

comparable to that in the whole blood samples. Additionally, LABGEO PT10 can be used for patients who are unable to take venipuncture.

Key Words: Comparison, Diabetes, Hemoglobin Alc, Point-of-care, Sample type

INTRODUCTION

Diabetes mellitus (DM) is a metabolic disease that is caused by

defects in insulin secretion or peripheral resistance of the tissues
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to insulin. A chronic hyperglycemic state damages the organs, in-
cluding the vessels, eyes, kidneys, nerves, and heart, and can ulti-
mately cause complex organ failure [1]. The prevalence of DM is
rapidly increasing, and the World Health Organization estimated
that 330 million people would be diagnosed with diabetes by
2025 [2].

Hemoglobin Alc (HbA1c) is the most reliable indicator of long-
term glycemic conditions and reflects the average blood glucose
level in the past 2-3 months. The level of HbAlc is considered to
decide on the best treatment for DM and to monitor and prevent
diabetes-related complications [3]. An HbAlc level of =6.5% (48
mmol/mol) has recently been recommended by the as a diagnos-
tic criterion for diabetes [4]. In addition, the Diabetes Control and
Complications Trial (DCCT) established a standard value based

on the National Glycohemoglobin Standardization Program
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(NGSP), which specifies a value of 6.5% as positive diagnosis of
DM, while values ranging from 5.7-0.4% are considered as high
risk for diabetes. HbAlc measurement via point-of-care testing
(POCT) can shorten the report time without pre-treatment of the
sample, such as transportation to a central laboratory and centrif-
ugation after collection. POCT typically requires minimal person-
nel training and can be easily performed by doctors as well as
nurses [5, 6. Based on the prompt return of the results, POCT is
very convenient for patients, as it enables immediate treatment
planning without additional clinic visits.

The LABGEO PT10 analyzer (Samsung Electronics, Suwon, Ko-
rea) is a POCT device used for clinical chemistry test items with
good reported analytical performance [7]. LABGEO PT10 Hemo-
globin Alc cartridges (Samsung Electronics) have recently been
developed and can be used in diabetic care. In this study, we
evaluated the difference in LABGEO PT10 HbAlc values in capil-
lary blood, EDTA whole blood, and lithium (L)-heparin whole
blood. The HbAlc reference values were determined using a
DCCT aligned cationic exchange high performance liquid chro-

matography (HPLC) analyzer.

MATERIALS AND METHODS

Study Design

This study was approved by the institutional review board of
Samsung Medical Center. HbAlc values were measured in 76 in-
dividuals aged 23-82 yr (median 58 yr). Of the 76 participants, 41
(54%) were male and 35 (46%) were female. Several blood sam-
ples were collected from the volunteers simultaneously and were
used for HbAlc testing. Capillary blood was collected in heparin-
ized capillary tubes (Kimble Chase Life Science, Rockwood, TN,
USA) from a finger prick and was tested using the LABGEO PT10.
Venous blood was collected in a BD Vacutainer® K, EDTA tube
(BD Biosciences, Franklin Lakes, NJ, USA) and a BD Vacutainer®
PST™ Gel and Lithium heparin™ tube (BD Biosciences) and was
analyzed using the LABGEO PT10 and Variant IT Turbo HbAlc
Analyzer (Bio-Rad Laboratories, Hercules, CA, USA). A duplicate
measurement for HbAlc was performed for all specimens and in-
struments.

HbAlc values were compared according to the sample type
and by following Clinical and Laboratory Standards Institute

Guidelines for EP9-A3 [8] and EP14-A2 [9]. Values were compared
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using Passing-Bablok regression and Bland-Altman plots. Cohen’s
kappa (1) values were used to estimate concordance between the
assays, with values >0.81 considered excellent concordance,
0.80-0.61 considered good concordance, and 0.60-0.41 consid-

ered moderate concordance [10].

LABGEO PT10 Analyzer

The LABGEO PT10 analyzer was used in conjunction with the
HbATlc cartridges. We used the same lot of cartridges and equip-
ment throughout the evaluation period. The LABGEO PT10
weighs 2 kg and has dimensions of 140 mm (width) X 206 mm
(depth) X 205 mm (height). The analyzer features a graphic color
liquid crystal display module with a touch-screen and built-in
thermal printer module. The analyzer operation requires minimal
training of laboratory personnel. LABGEO PT10 HbAlc was mea-
sured using the latex bead agglutination method and the esti-
mated average glucose value was calculated. The latex bead ag-
glutination method for HbAlc is based on the interactions be-
tween antigen molecules (HbAlc) and HbAlc-specific antibodies
coated on the latex beads. This cross-linking reaction alters the
solution turbidity to an extent proportional to the amount of anti-
gen in the samples.

The LABGEO PT10 was designed to function with ready-to-use
cartridges, while a 7-minute analysis time is required to complete
one test. The LABGEO PT10 can analyze HbAlc after loading the
cartridge containing 1-uL whole blood and capillary blood sam-
ples. Test results were certified by the NGSP and were adjusted
according to the DCCT guidelines.

Comparative Central Laboratory Method

The Variant II Turbo utilizes the boronate affinity HPLC
method, which separates glycated hemoglobin from the non-gly-
cated fraction. The standardized HbAlc value was calculated
from the glycated hemoglobin result using an algorithm. Variant I
Turbo is standardized to the International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC) reference method and
is traceable to DCCT and NGSP.

Statistical Analysis
For sample comparisons, Passing-Bablok regression and Bland-
Altman plots were prepared and Cohen’s kappa () value was de-

termined using MedCalc ver. 14.10.2 (MedCalc Software, Mar-
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iakerke, Belgium). LABGEO PT10 vs. EDTA whole blood analysis using the Variant
1T Turbo was r=09619, and that of capillary blood using the LAB-
RESULTS GEO PT10 vs. Li-heparin whole blood analysis using the Variant
1T Turbo was r=09619 (Fig. 1.
The central laboratory method results for the EDTA whole Using the LABGEO PT10, the correlation coefficient was

blood samples indicated that the range for the Variant II Turbo r=09697 for capillary blood vs. EDTA whole blood, r=09724 for
was 4.8-10.2% (median 6.3%) and the Li-heparin whole blood capillary blood vs. Li-heparin whole blood, and r=0.9730 for

sample range for the Variant 1T Turbo was 4.8-99% (median 6.1%). EDTA whole blood vs. Li-heparin whole blood (Fig. 2).
All samples, including capillary blood, were appropriately distrib- The average HbA1c bias for each type of sample that was com-
uted. The correlation coefficient (r) for capillary blood using the pared (with 95% confidence intervals in parentheses) as observed
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Fig. 1. Comparison of HbA1c levels for capillary blood by LABGEO PT10 vs. EDTA whole blood and Li-heparin whole blood by Variant Il Turbo. Com-
parisons were made using Passing-Bablok regression plots and Bland-Altman plots. (A) Capillary blood by LABGEO PT10 vs. EDTA whole blood by
Variant Il Turbo, (B) Capillary blood by LABGEO PT10 vs. Li-heparin whole blood by Variant Il Turbo. In the Passing-Bablok regression plots: thick
solid line, linear regression; dashed lines, 95% confidence interval for the regression line; thin dotted line, theoretical line with a slope of 1.0 and a
Y intercept of 0. In the Bland-Altman plots: solid line, mean of concentration differences; dashed lines, limits of agreement (means of concentra-
tion differences between two assayst1.96 SD).

Abbreviations: PT10, Samsung LABGEO PT10; Variant Il, Bio-Rad Variant Il Turbo; WB, whole blood; LH, Li-heparin.
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Fig. 2. Sample-type comparison of HbA1c levels by LABGEQ PT10. Comparisons using Passing-Bablok regression plots and Bland-Altman plots (A)
Capillary blood vs. EDTA whole blood, (B) Capillary blood vs. Li-heparin whole blood, and (C) EDTA whole blood vs. Li-heparin whole blood. In Pass-
ing-Bablok regression plots: thick solid line, linear regression; dashed lines, 95% confidence interval for the regression line; thin dotted line, theo-
retical line with a slope of 1.0 and a Y intercept of 0. In Bland-Altman plots: solid line, mean of concentration differences; dashed lines, limits of
agreement (means of concentration differences between two assays+1.96 SD).
Abbreviations: PT10, Samsung LABGEO PT10; Variant Il, Bio-Rad Variant Il Turbo; WB, whole blood; LH, Li-heparin.

http://dx.doi.org/10.3343/lm0.2016.6.3.152

www.labmedonline.org 155



MO

HFE2 Q|: Evaluation of Samsung LABGEO PT10 HbA1c Test

Table 1. Bio-Rad Variant Il Turbo and LABGEO PT10 sample types ac-
cording to the cutoff for each assay

Test sample type Reference Kappa value 950/9 confidence
sample type interval
Capillary by PT10  EDTA WB by Variant Il 0.773 0.688-0.859
Capillary by PT10  LH WB by Variant Il 0.842 0.772-09M
Capillary by PT10  EDTA WB by PT10 0.816 0.739-0.894
Capillary by PT10  LH WB by PT10 0.831 0.755-0.908
LH WB by PT10 EDTA WB by PT10 0.875 0.816-0.933

Abbreviations: PT10, LABGEO PT10; Variant Il, Bio-Rad Variant Il Turbo; WB, whole
blood; LH, Li-heparin.

from the Bland-Altman plots was as follows: capillary blood by
LABGEO PT10 vs. EDTA whole blood using the Variant II Turbo,
-0.25% (-0.33—-0.17%); capillary blood by LABGEO PT10 vs. Li-
heparin whole blood using the Variant II Turbo, -0.12% (-0.19—-
0.04%); capillary blood using the LABGEO PT10 vs. EDTA whole
blood using the LABGEO PT10, -0.14% (-0.20—-0.07%); capillary
blood using the LABGEO PT10 vs. Li-heparin whole blood using
the LABGEO PT10, -0.08% (-0.14—-0.01%); EDTA whole blood us-
ing the LABGEO PT10 vs. Li-heparin whole blood using the LAB-
GEO PT10, -0.07% (-0.13—-0.002%).

Cohen’s kappa coefficient was calculated to assess the concor-
dance between each instrument and between each sample type.
Cohen’s kappa () values showed excellent concordance between
capillary blood and EDTA whole blood (k=0.816), capillary
blood and Li-heparin whole blood (k =0.831), and between EDTA
whole blood and Li-heparin whole blood (k= 0.875) when HbAlc
was determined based on the LABGEO PT10. The kappa (&) val-
ues showed good agreement between the level of HbAlc in capil-
lary blood based on the LABGEO PT10 and Li-heparin whole
blood based on the Variant IT Turbo (k =0.842), and between cap-
illary blood based on the LABGEO PT10 and EDTA whole blood
based on the Variant I Turbo (k=0.773) (Table 1.

DISCUSSION

Glycated hemoglobin measurement was introduced in clinical
laboratories in approximately 1977, and numerous methods have
been developed to measure glycated hemoglobin since this con-
cept was introduced. Nearly all current methods evaluate the dif-
ferences in charge (HPLC method) or structure (affinity chroma-
tography or immunoassay) of glycated hemoglobin to measure

HbAlc. Additionally, many HbAlc point-of-care instruments are
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used in diabetic care centers, including the DCA Vantage (Sie-
mens Medical Solutions Diagnostics, Tarrytown, NY, USA), In2it
(Bio-Rad, Hercules, CA, USA), and A1ICNow (Bayer HealthCare,
Sunnyvale, CA, USA). HbAlc is an important indicator for treating
diabetes, and has recently been included in the standard of diag-
nosis for diabetes and for high-risk criteria [4]. The DCCT found
that a 1% reduction in HbAlc levels resulted in a 43-45% reduced
risk of diabetic retinopathy [1].

HbAlc laboratory measurement should be certified by the
NGSP and measured using the DCCT reference method [4]. To ob-
tain NGSP certification, laboratory methods should meet the
NGSP criteria, in which at least 37 of 40 individual results are
within 6% of an NGSP network laboratory for a method [11]. Addi-
tional representative reference methods for HbAlc include NGSP
and IFCC. The NGSP method presents the result as a percentage,
while the IFCC reference method is presented in mmol/mol.
HbAlc values obtained using the IFCC method are 1.5-2% lower
than the NGSP results. When the IFCC unit is reported, an equa-
tion can be used to convert the value to a relative NGSP value:
NGSP %=[0.09148 X IFCC mmol/mol] + 2.152. In addition, a re-
cent consensus recommends that the results be reported in both
units [12].

In this study, we determined the HbAlc levels in three sample
types and using two instruments. The results indicated that the
correlation between LABGEO PT10 among capillary blood,
EDTA whole blood, and Li-heparin whole blood was good (capil-
lary blood vs. EDTA whole blood, r=09697; capillary blood vs.
Li-heparin whole blood, r=0.9724; EDTA whole blood vs. Li-hep-
arin whole blood, 1=0.9730). Excellent concordance was ob-
served between capillary blood and EDTA (k=0.816), capillary
blood and Li-heparin (x=0.831), and EDTA blood and Li-heparin
blood (k=0.875). These findings suggest that the LABGEO PT10
can be used in various clinical environments to accurately deter-
mine the HbAlc levels.

Although good correlation was observed in the LABGEO PT10
testing of capillary blood, EDTA whole blood, and Li-heparin
whole blood, there were some limitations to our study. In this
study, the interference from hemoglobin variants was not evalu-
ated. The difference in HbAlc values from the variant hemoglobin
is an important parameter for measuring HbAlc. The methods
available for measuring HbAlc are diverse, and hemoglobin vari-

ants showing interference differ according to the type of measure-
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ment used [13, 14]. Although we were unable to assess the interfer-
ence effect of variant hemoglobin, an immunoassay using same
principle as LABGEO PT10 is known as be affected by HbS or
HbC, but not by HbE or HbD [13]. Interference can occur when us-
ing antibodies that are specific to the glycated N-terminal amino
acid of HbAlc. Since the HbS and HbC are close to the N-terminus
on the {3 chain, making them distinct form HbE or HbD, some im-
munoassays are affected by the presence of these variants.

The LABGEO PT10 is a small and lightweight device that can
be used directly onsite. It can be used to analyze HbAlc using
whole blood or capillary samples. This equipment can be man-
aged easily, and a quality control mode or self-diagnostic mode is
included. A previous study reported a strong correlation between
the LABGEO PT10 and Integra 800 immunoassay (correlation co-
efficient r=09843, slope of 1.054, and Y intercept of -0.468). The
LABGEO PT10 showed a linear association in the clinically im-
portant application range of 3.95-12.36% (R*=0.99068, slope of
1.001, and Y intercept of -0.198) and total coefficients of variation
were between 3.8% and 4.2% [7]. In HbAlc measurement, it is rec-
ommended that intralaboratory coefficient of variation <2% and
an interlaboratory coefficient of variation <3.5% [15]. However,
meeting this stringent criterion is very difficult, and it seems inap-
propriate to impose this goal on POCT devices [16].

However, previous studies did not compare sample types such
as EDTA whole blood and capillary blood. In this study, we eval-
uated HbAlc values in three types of samples (capillary blood,
EDTA whole blood, and Li-heparin whole blood). Various HbAlc
levels were included in the comparison analysis and good corre-
lation and concordance were observed among the three types of
blood samples using the two different analytical instruments.

In conclusion, the LABGEO PT10 can rapidly measure HbAlc
under various sample conditions. No previous studies have com-
pared HbAlc values based on sample types. Because measure-
ment of HbAlc by the LABGEO PT10 provided immediate results,
it is very convenient for patients who are unable to take venipunc-
ture or cannot revisit medical centers with low accessibility, such
as remote rural communities, primary healthcare, and outpatient
clinics.

Measurement of HbAlc using the LABGEO PT10 produces im-
mediate results, which is very convenient for patients. Finally,
based on these results, the measurement of HbAlc in capillary

blood showed results that were comparable to results from WB

http://dx.doi.org/10.3343/lm0.2016.6.3.152

samples. The LABGEO PT10 can also be used for patients who

are reluctant to undergo venipuncture.
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