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TECHNICAL NOTE

Analytical evaluation and quality assessment of the ARKRAY ADAMS A1c
HA-8190V for Hb A1c

Elo�ısa Urrechaga

Hematology Laboratory, Hospital Galdakao – Usansolo, Galdakao, Spain

ABSTRACT
ARKRAY ADAMS A1c HA-8190V is a fully automated high-pressure liquid chromatography (HPLC) system
for the measurement of HbA1c. The runtime is 58 s per sample in the Variant mode and 24 s per sample
in the Fast mode. We evaluated the analytical performance of this analyzer in the Variant mode, to verify
the quality of analysis, according to the consensus criteria established for this measurand. Reproducibility,
trueness, carry-over, linearity, interferences and comparison with ARKRAY ADAMS A1c HA-8180V and HA-
8180T analyzers were evaluated. Total CVs were 0.76% (IFCC units) 0.55 (NGSP units) at low HbA1c con-
centration and 0.85% (IFCC units) 0.68 (NGSP units) at high HbA1c concentration. Mean difference with
the target values was �1.25mmol/mol (�0.119%) and total error at medium level was 2.83% (IFCC units),
2.46% (NGSP units) Carry-over was 0%. Linearity was shown in the range 27–122mmol/mol (4.6–13.3%).
The results were not affected in the range of total Hb 59–199g/L, labile fraction up to 5.5%, carbamy-
lated up to Hb 6.3% nor acetylated Hb up to 5.3%. Method comparison demonstrated good concordance
between the methods. The analyzer demonstrated a high analytical performance adequate for routine
clinical use in laboratories with high workloads.
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Introduction

Glycohemoglobin HbA1c, the N-terminal (1-deoxyfructo-
syl) valine glycation product of hemoglobin (Hb) A0, is
the most important laboratory test for Diabetes Mellitus
(DM) management. The relationship with the clinical out-
come of diabetic patients has been convincingly demon-
strated for both type 1 and type 2DM in major clinical
trials [1,2].

Measurement of HbA1c has been widely used to retro-
spectively evaluate long-term glycemic status in diabetic
patients. More recently, the International Expert
Committee published a report stating that type 2 diabetes
could be diagnosed when HbA1c �6.5% (48mmol/mol)
[3]. An extension of the role of this Hb fraction from
monitoring to the screening and diagnosis of DM, leads
to the possibility of even greater demand for this
analysis.

The automation and precision of the high performance
liquid chromatography (HPLC) methods have favored
their use and the technical improvements have allowed
the achievement of shorter analysis time [4]. We have
evaluated the analytical performance of ADAMS A1c HA-
8190 Variant mode (ARKRAY Inc., Kyoto, Japan) to
assess the quality of the measurement of HbA1c and to

verify that the reduction in the time of analysis does not
impair the overall quality of the results.

Materials and methods

Characteristics of the ARKRAY ADAMS A1C HA-8190
analyzer

This is a fully automated HPLC analyzer. The instrument is
designed to measure HbA1c (range 9–195mmol/mol
International federation for Clinical Chemistry, IFCC units;
3.0� 20.0% NGSP National Glycohemoglobin Standarization
Program NGSP units), HbF as well; the system can detect
common Hb variants Hb S, HbC, Hb D and HbE.

The runtime is 24 s per sample in the Fast mode and 58 s
per sample in the Variant mode.

The instrument has a capacity of 100 samples per run;
specimens are either primary tubes, or tubes for haemoly-
sates and there is an option to insert urgent samples. In
total, 8.0 mL of whole blood is automatically diluted (stand-
ard 1:100; anemic samples 1:50) and injected.

The instrument is calibrated with two calibrators, the
reported result is derived from the ratio HbA1c/ total HbA,
adjusted for calibration and expressed in both IFCC and
NGSP units.
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Samples and controls

Blood specimens were obtained from patients whose diabetic
control was being assessed routinely and were used in this
study according to the Hospital’s ethics guidelines. Whole
blood samples were obtained during routine analysis and col-
lected in K2-EDTA anticoagulant tubes (VacutainerTM
Becton-Dickinson, Rutherford, NJ, USA).

Calibrators and quality-control materials used throughout
the evaluations were provided by ARKRAY, Inc. (Calibrator
Lite and extendSURETM lyophilized controls).

Protocol of evaluation

The evaluation was carried out over a period of 5weeks.
The analyzer was calibrated at the beginning of the evalu-
ation, according to the manufacturer’s instructions in IFCC
units (mmol/mol) and NGSP units (%) [4,5].

We used the Clinical and Laboratory Standards Institute
(CLSI) guidelines to evaluate reproducibility, carry-over and
linearity.

Trueness was evaluated to assess traceability to the IFCC
reference measurement procedure and NGSP reference
method, using IFCC targeted samples.

The effect of interfering substances were assessed accord-
ing to the manufacturer’s protocols, using samples with
increased concentration of labile HbA1c, carbamylated Hb
and acetylated Hb. Specimens with a broad range of Hb
concentrations were created to investigate the effect of
anemia.

Comparisons of HA-8190V against our current routine
methods (ARKRAY ADAMS A1c HA-8180V and ADAMS
A1c HA-8180T) were performed.

Reproducibility
Within-run precision (intra-assay) was studied at two con-
centrations, using pooled blood from non-diabetic and
poorly controlled diabetic adults; these samples were assayed
10-times. Mean value and coefficient of variation (CV) of
the measurements were calculated.

Total imprecision was investigated using CLSI EP-5 A3
protocol [6] with control materials (extendSURETM
Canterbury Scientific, New Zealand). With this protocol, on
20 working days, 2 samples with low and high concentra-
tions are assayed in duplicate twice a day in an analytical
run, with at least 10 samples.

Trueness
We used IFCC HbA1c control set lot Munich 2021.509, to
which IFCC targets, as well as derived NGSP targets, have
been assigned by all approved laboratories in the IFCC net-
work [7]. Five samples were used, the target values were
31.4mmol/mol (5.02%), 53.3mmol/mol (7.02%), at three
total Hb levels and 77.6mmol/mol (9.25%).

Slopes and intercepts (calculated according to Deming
and standard regression), along with their 95% confidence

intervals, and the differences between measured and
assigned target values were calculated.

Carry-over
The CLSI EP-10 protocol [8] was used to evaluate carry-
over between blood samples with high and low HbA1c con-
centration processing samples 3-times and sequentially,
examining the first and third results of each triplet for
systematic deviation, using the following formula (L1–
L3)/(H3–L3)� 100.

Linearity
Linearity was estimated in accordance with protocol CLSI
EP6 [9]. Linear regression analysis was applied to compare
expected and observed analytical values using results from
proportional mixtures of samples with high and low HbA1c.

Effect of Hb concentration
The manufacturer’s claim is that haemoglobin concentration
is between 45 and 140 g/L. We therefore investigated the
effect of varying haemoglobin concentrations on chromato-
graphic quantification.

One sample was centrifuged for 10min at 3000 rpm to
separate blood cells from plasma. Blood cells and plasma
were mixed at the ratios 9:1, 8:2… 1:9; the set of samples
obtained had a broad haematocrit range.

Interferences
Potential interferences caused by other chemically modified hae-
moglobins were evaluated. The following protocol was per-
formed to confirm the effective separation of the Schiff base
peak.

Glucose incubation: pooled blood was split into six tubes; a
Glucose solution was added to these test samples at increasing
ratios to achieve final glucose concentrations ranging 11.1–
55.5mmol/L. These samples were incubated at 37 �C for 2h
and the labile fraction and Hb A1c results recorded.

The same procedure was employed for carbamylated Hb
(cHb) with increasing concentrations of a sodium cyanide
solution (up to 10mmol/L), and for acetylated Hb (AcHb)
with increasing concentrations of an acetaldehyde solution
(range 2–10mmol/L).

Method comparison
Comparisons of HA-8380V with our current routine meth-
ods (ARKRAY ADAMS A1c HA-8180V and ADAMS A1c
HA-8180T) were carried out applying Passing–Bablok
Linear Regression [10] and Bland–Altman Analysis [11],
using samples from 120 diabetic and nondiabetic subjects
being routinely monitored.

Hb variants
The detection of a Hb variant is a clinically relevant finding.

We analyzed most prevalent variants in our area, to
investigate the ability of the system to detect and interpret
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them. All the Hb variants were analyzed at the time of our
evaluation in the course of the routine health controls of the
patients; the characterization was performed by electrophor-
etic methods and molecular analysis.

The effect of common Hb variants on HbA 1c results
were also evaluated.

For this purpose, 12 samples from carriers (4 HbAS, 3
HbAC, 3 HbAD and 2 HbAE) were run in parallel on an
affinity chromatography system (Premier Hb9210, Trinity
Biotech), whose results were considered the target values.

Statistical analysis

Statistical analysis was performed using Microsoft Excel
(version 5.10) and MedCalc (version 18.6; Ostend, Belgium).

Results

Reproducibility

Within-run precision (intra-assay): for low Hb A1c
(35mmol/mol, 5.4%) and high concentration (102mmol/mol,
11.5%), CV was 0.15 and 0.21%, respectively (IFCC units),
0.09 and 0.17%, respectively (NGSP units).

Total imprecision: EP-5 defines four parameters for the
precision, all listed in Table 1. For low control (HbA1c
35mmol/mol, 5.4%) total CV was 0.68% (IFCC units) 0.55%
(NGSP units); for high control (HbA1c 95mmol/mol,
10.9%) total CV 0.85% (IFCC units) 0.68% (NGSP units).

Trueness

Negative bias was observed, the mean difference was
�1.25mmol/mol �0.119% (Table 2).

Deming regression (IFCC units) slope 0.987 (95% confi-
dence interval CI 0.949 to 1.024) intercept �0.53 (95% CI
�2.63 to 1.57).

Deming regression (NGSP units) rendered slope 0.988 (95%
CI 0.950 to 1.034) intercept �0.066 (95% CI �0.323 to 0.272).

The confidence interval for slope included 1.000 and 0.0
for the intercept: this means that there is no significant dif-
ference between the HA-8190 V analyzer and the reference
systems.

Total error at medium level 53.3mmol/mol (7.02%) was
2.83% (IFCC units), 2.46% (NGSP units), lower than total
the allowable error (4.4%), classified as very good results;
this threshold is based on the IFCC certification criteria of
the results of EP-5 and EP-9 guidelines.

Carry-over

Analyzing samples with concentrations 27–104mmol/mol
(4.6 and 11.7%) the percentage of carry-over was 0%.

Linearity

With regard to the linearity, the experiments performed so
far proved that, in the whole physiopathological range, no
deviation from the linearity was detected, as clear from the
following equations (Figure 1).

When using IFCC units in the Hb A1c range 27–
122mmol/mol the regression equation was

y ¼ 1:010��1:2708 Intercept 95%CI

� 3:0390 to 1:1036 slope 95%CI 0:9590 to 0:0314

r2 ¼ 0:998

When using NGSP units in the HbA1c range 4.6–13.3%
the regression equation was

y ¼ 1:009��0:151, Intercept 95%CI

� 0:367 to 0:065 slope 95%CI 0:985 to 1:032

r2 ¼ 0:999

Effect of Hb concentration

The range of total Hb was 59–199 g/L, reflecting diverse
clinical conditions (severe anemia, normal status polycy-
themia); despite this fact the system was found to be robust,
HbA1c 42mmol/mol (6.0%) was not affected and the same
value was obtained on all samples analyzed (Figure 2).

Interferences

After the incubation with glucose, the labile fraction (LA1c)
increased to fourfold the basal level (5.5%, in the sample with
55.5mmol/L glucose) while HbA1C quantification remained
stable within 0.11% at 5.4% (35mmol/mol) (Figure 3).

The in-vitro experiments with sodium cyanate showed
that the cHb fraction increased up to 6.3%, while the
HbA1c fractions were stable within 0.2% of the value
observed with the initial sample.

HbA1c 5.4% (35mmol/mol) was not affected by
AcHb 5.3%.

Method comparison

Both correlation studies with the devices currently in use in
our laboratory were found very good with no significant
bias as the equations obtained prove.

Correlation with ADAMS HA-8180V

Table 1. Reproducibility was investigated using CLSI EP-5 guideline with com-
mercial controls with low and high HbA1c levels.

Parameter

HbA1c 5.4%
(35mol/mol)

NGSP IFCC

Hb A1c 10.9%
(95mmol/mol)

NGSP IFCC

Within-run CV (%) 0.53 0.95 0.34 0.49
Between-run CV (%) 0.01 0.02 0.25 0.22
Between-day CV (%) 0.03 0.13 0.53 0.65
Total CV (%) 0.55 0.76 0.68 0.85

Table 2. Trueness study, differences between measured and target values.

Level
Target
NGSP IFCC

Measured
NGSP IFCC

bias%
NGSP IFCC

Low 5.02 31.4 4.90 31.0 �2.39 �1.27
Medium 7.05 53.5 7.01 52.9 �0.57 �1.68
High 9.25 77.6 9.08 75.8 �1.84 �2.45
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When using IFCC units in the Hb A1c range 20–
141mmol/mol the regression equation was

y ¼ 1:029��2:308 intercept 95%CI� 2:7030 to

� 1:8928 slope 95%CI 1:0210 to 1:0391

The absolute mean difference was 0.7

When using NGSP units in the HbA1c range 4.0–15.1%
the regression equation was

y ¼ 1:030��0:279, intercept 95%CI� 0:3313 to

� 0:2187 slope 95%CI 1:0211 to 1:0392

The absolute mean difference was 0.06
Correlation with ADAMS HA-8180T (Figure 4)

Figure 1. Linearity linear regression analysis was applied to compare expected and observed analytical values using results from proportional mixtures of samples
with high and low HbA1c. Range 27–122mmol/mol (4.6–13.3%).

Figure 2. Effect of total Hb concentration on HbA1c.
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When using IFCC units in the Hb A1c range 20–
145mmol/mol the regression equation was

y ¼ 1:022��2:340, intercept 95%CI� 2:6738 to

� 1:7715 slope 95%CI 1:0106 to 1:0290

The mean difference was 1.2mmol/mol
When using NGSP units in the HbA1c range 4.0–15.4%

the regression equation was

y ¼ 1:021��0:257 intercept 95%CI� 0:3075

��0:1847 slope 95%CI 1:0105� 1:0292

The mean difference was 0.11%

Hb variants

The instrument can identify and report the presence of het-
erozygous HbS, HbC, HbD and HbE; for the homozygous
Hb a flag ‘no Hb A1c’ is generated (Figure 5).

None of those Hb variants affected the correct measure-
ment of HbA1c: no significant bias was observed mean dif-
ferences <�1.05mmol/mol (�0.16% NGSP).

Discussion

The consensus statement on the worldwide standardization
and the IFCC reference method for the HbA1c measure-
ment have contributed substantially to the quality of the
HbA1c measurements [3]. The assays that have the lowest
variability due to imprecision provide a clearer picture of
glycemic control, a reliable method can identify smaller
changes as significant, contributing to best practice. The
analytical requirements become even more important when
HbA1c is applicable for screening and diagnosis of dia-
betes [12].

Previous evaluations have demonstrated the evolution of
Arkray instruments [4,5,13–15]. The effect of total Hb con-
centration is negligible in a wider range in the new

Figure 3. Effect of labile fraction on HbA1c.

Figure 4. Comparison between ARKRAY HA-8190V and ADAMS HA-8180T: 120
samples range 20–145mmol/mol (4.0–15.4%) were run in parallel. (A) Passing
– Bablok regression y ¼ 1:022��2:340, intercept 95%CI� 2:6738 to�
1:7715 slope 95%CI 1:0106 to 1:0290. (B) Bland–Altman plot, mean difference
1.2mmol/mol (0.11%).
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instrument and higher amount of Schiff base did not inter-
fere with the analysis of HbA1c on HA-8190V when com-
pared to HA-8180 [4,5,13]. The present evaluation confirms
the negative bias of results; nevertheless the excellent total
CVs allowed good classification criteria the overall
results [14].

Biological variation has dictated the desirable targets for
analytical performance of laboratory methods [16].
However, it has been shown that the situation in diabetics is
more complex, being affected by both clinical control and
sampling time interval; a practical working CV for analytical
reproducibility in long-term monitoring of 2.1% has been
proposed [17].

The analyzer achieved this stringent target in our evalua-
tions revealed excellent reproducibility, far below the most
stringent requirements of 2% [18]. Based on the IFCC clas-
sification criteria the overall result would be considered
Gold /excellent according to the quality targets [19].

The results were reliable within a wide range of total Hb
values; this feature shows the robustness of the system so,
from a technical point of view, the patient could be con-
trolled with confidence in different clinical situations (severe
anemia, mild anemia, normal iron status, polycythemia).
Nevertheless, clinical considerations must be taken into
account when reporting HbA1c results in anemic patients,
because anemia affects the erythropoiesis status and the life
span of erythrocytes, so the correct interpretation of results
could be compromised [20–23].

Similar considerations can be raised when a Hb variant is
present. Usually, the effect of Hb variants is evaluated in
terms of analytical interference with Hb A1c measurement
[24]. From this point of view the results are not affected by
common Hb variants, nevertheless it is important to con-
sider the potential impact of Hb variants on the red cell
cycle and the clinical interpretation of HbA1c results.

Technological advances have enabled modern analyzers
with high resolution capabilities to handle potentially inter-
fering components, thus obviating the need for pre-or on-
column treatment to destroy this fraction before analysis.

Labile A1c, the concentration of which varies with blood
glucose concentrations at the time of blood collection, is an
intermediate in the production of the corresponding stable
moiety. The isoelectric points of the labile fraction and its sta-
ble counterpart are so similar that can lead to little or no sep-
aration of the two peaks, giving misleading Hb A1c results.

Uremia derived from advanced stages of kidney failure
can provide another potential interference with some meth-
ods, because in most of the commercially available systems
cHb elutes in the labile fraction peak, acHb as well [25,26].

We have confirmed in vitro that the Schiff base is sepa-
rated on the HA 8190V system, irrespective of its concen-
tration and the HbA1c value remains reliable.

Comparison of HA-8190V with ARKRAY ADAMS A1c
HA-8180V and ADAMS A1c HA-8180T resulted excellent,
so the new device can be used in parallel with confidence.

Conclusion

The reduction in the time of analysis does not impair the
overall quality of the results.

The results were accurate and linear in the clinically sig-
nificant analytical range.

The values were independent of the total concentration
of Hb and the presence of Hb chemically modified Hb elut-
ing in the labile fraction. Given the short time of the ana-
lysis this is a suitable system for the control of diabetic
patients in laboratories with high workflow, mainly in areas
with incidence of Hb variants.

Figure 5. Chromatograms of Hb variants.
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