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Evaluation of Turbidimetric Inhibition Immunoassay (TINIA)
and HPLC Methods for Glycated Haemoglobin Determination
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Background: Various factors may affect the
accuracy of hemoglobin (Hb) A1c mea-
surements that are widely used to monitor
glycemic control in diabetic patients. This
study was aimed to compare the values
of HbA1c obtained by two different meth-
ods, Roche Tina-quant second and third-
generation HbA1c assays based on the tur-
bidimetric inhibition immunoassay (TINIA),
and high-performance liquid chromatog-
raphy (HPLC) cation-exchange method
used by Arkray Adams HA-8160 analyzer.
Methods: Measurements of HbA1c were
carried out in blood samples from 2,917
patients using above-mentioned methods.
Linear regression was used for the correla-
tion analysis and linear equations. Bland–

Altman plots were performed from method
comparison data using MedCalc statisti-
cal software. Results: For the low control,
the second generation Tina-quant assay
had within-run and between-run CVs 0.8%
and 0.9%; for the high control within-run
and between-run CVs were 1% and 0.96%,
respectively. HPLC method for the low
control had within-run CV 1% and between-
run CV 1.3%; for the high control within-
run CV was 0.6% and between-run CV
was 0.9%. Conclusion: There was a good
concordance between the results of TINIA
and HPLC methods (y = 1.091x – 0.363;
r2 = 0.96). J. Clin. Lab. Anal. 26:481–485,
2012. C© 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Diabetes prevalence is increasing worldwide, accounts
90–95% of cases in developed countries (1). Diabetes
Control and Complications Trial (DCCT) and Prospec-
tive Diabetes studies report that the risk and the devel-
opment of diabetic complications are directly associated
with the management of diabetes (2). Blood glucose lev-
els that reflect the current condition of the patient are
not sufficient in determining the glucose homeostasis.
Hemoglobin (Hb) A1c is a subset of glycated Hbs that
is irreversibly glycated at one or both N terminal valines
of the β chains (3). The percentage of HbA1c level reflects
the mean glucose concentration over the previous 2 or 3
months, and is commonly used to monitor the glycemic
control of the individual. The recommended goals for
HbA1c are either <7% (American Diabetes Association,
ADA) or <6.5% (American College of Endocrinology,
ACE). The International Federation of Clinical Chem-
istry (IFCC) has set a value less than 5% (4,5). Since July
2009, this marker also has been recommended to diag-

nose diabetes by an international expert committee (IEC)
when HbA1c levels are >6.5% (6).

At present, more than 20 different assay methods are
being used to measure the level of the HbA1c in clinical
laboratories. These methods are based on different ana-
lytical principles, such as immune turbidimetry, cation-
exchange chromatography, and high-performance liquid
chromatography (HPLC) (7, 8). Several studies have re-
ported a significant bias among analytical methods to
measure HbA1c levels and there are substantial con-
cerns about the between-method agreement on HbA1c
measurement (9–11). Therefore, standardization and
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comparability of HbA1c results with different methods
appear to be an important issue.

Measurement of HbA1c by HPLC has been ap-
pointed as the reference method for HbA1c assay by
the National Glycohemoglobin Standardization Program
(NGSP) in USA. Since 2008, however, IFCC working
group on HbA1c standardization developed a new refer-
ence method (12,13) and the relation between the methods
of NGSP and IFCC was defined (14). In this procedure,
primary reference materials of pure HbA1c and HbA0 are
prepared by the cleavage of peptides using endoprotease,
which is followed by the separation of glycated and nong-
lycated N-terminal hexapeptides through reversed-phase
HPLC, and finally a reference method—mass spectrom-
etry or capillary electrophoresis—is applied to measure
HbA1c specifically (15–17).

The purpose of this study was to evaluate the analytical
performances of the Roche Tina-quant second and third
generation HbA1c assays based on immunoturbidime-
try, and HPLC cation-exchange method used by Arkray
Adams HA-8160 analyzer.

MATERIALS AND METHODS

Blood Samples

This study comprised 2,917 whole blood samples ob-
tained from the subjects submitted for routine testing in
our laboratory. HbA1c values ranged from 3.2% to 15%.
Whole blood samples were drawn by venipuncture and
collected in tubes containing lithium heparin as an an-
ticoagulant. All samples except samples for between-run
and within-run were stored in room temperature and mea-
surements were conducted in 4 hr.

HbA1c Methods

All HbA1c levels were determined by using two meth-
ods according to the manufacturers’ recommendation.

(1) Tina-quant second and third generation assays (Roche
Diagnostics, Mannheim, Germany): This assay was
performed on the autoanalyzer from Roche and
NGSP-certified. This method is based on the
turbidimetric inhibition immunoassay (TINIA) of
hemolyzed blood samples. The anti-HbA1c antibody
reacts with a single binding site on HbA1c, forming
soluble complex. Polyhaptens react with excess anti-
HbA1c antibody to form insoluble complex and the
amount of Ab-polyhapten complex is measured tur-
bidimetrically. In a hemolyzed blood sample, liberated
Hb is determined bichromatically and calculations are
made according to IFCC (HbA1c% = HbA1c/Hb ×
91.5 + 2.15). The Tina-quant third generation HbA1c
assay is completely same as the second generation, ex-
cept the detergent is added to the reagents to improve
accuracy. This assay was applied on 103 samples.

(2) Adams HA-8160 (Arkray Inc, Kyoto, Japan): HbA1c
analyzer is a fully automated HbA1c analyzer us-
ing reversed-phase cation-exchange chromatography
and dual-wavelength colorimetry (measured at wave-
length of 415 nm and blanking wavelength of 500 nm).
The sample was automatically hemolyzed by the an-
alyzer. HbA1c, HbA1, and HbF values are presented
as the percentage of total Hb after calculations from
the peak areas of different Hb fractions. Abnormal
patterns suggesting the presence of Hb variants (ad-
ditional peaks beside HbA peak or HbF value higher
than 10%) might be inspected. A chromatogram of a
patient’s sample is presented in Figure 1.

Precision Studies

Imprecision of Tina-quant second and third generation
assays and HPLC method was expressed as the coeffi-
cient of variation (CV%) for within-run and between-run
studies. For this purpose, two levels of HbA1c control ma-
terials (high and low levels) of Roche HbA1c and Adams

Fig. 1. A chromatogram obtained from a patient’s sample by the HPLC method.
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TABLE 1. (a) Within-Run Coefficients of Variation of HbA1c
Levels Measured by the Tinaquant Second- and Third- Genera-
tion TINIA Methods (Roche) and HPLC Method (Adams HA-
8160). (b) Between-Day Coefficients of Variation of HbA1c Levels
Measured by the Second- and Third- Generation TINIA Methods
(Roche) and HPLC Method (Adams HA-8160)

Method Mean SD CV (%)

(a) HbA1c% Within-run, n = 20
Control low HPLC 5.3 0.05 1.0

TINIA 2nd 6.7 0.05 0.8
TINIA 3rd 5.4 0.09 1.6

Control high HPLC 11.5 0.01 0.6
TINIA 2nd 11.4 0.1 1.0
TINIA 3rd 11.6 0.08 0.3

(b) HbA1c% Between-day, n = 20
Control low HPLC 5.2 0.07 1.3

TINIA 2nd 6.7 0.05 0.9
TINIA 3rd 5.37 0.12 2.1

Control high HPLC 10.9 0.09 0.9
TINIA 2nd 11.4 0.1 0.96
TINIA 3rd 11.6 0.08 0.7

HA-8160 were studied 20 times within-run and 20 times
on consecutive days.

Data Analyses

Statistical analyses were performed using SPSS 15.0
software (SPSS Inc. Chicago, IL). Linear regression anal-
ysis was used for the correlation and linear equations.
Bland–Altman plots were performed from method com-
parison data using MedCalc statistical software.

RESULTS

The results of imprecision studies using Roche HbA1c
and Adams HA-8160 HbA1c controls (low and high) are
expressed in Table 1. The second generation Tina-quant
assay had within-run CV 0.8% and between-run CV 0.9%
for low control (mean value: 6.7 ± 0.05%). For the high
control (mean value: 11.4 ± 0.1%), this assay revealed a
within-run CV 1% and between-run CV 0.96%. The third
generation Tina-quant assay had within-run CV 1.6% and
between-run CV 2.1% for low control (5.4 ± 0.09%). For
the high control (11.6 ± 0.07%), within-run CV was 0.3%
and between-run CV 0.7%.

HPLC method on Adams HA-8160 for the low control
(mean value: 5.3 ± 0.05%) had within run CV 1% and
between-run CV 1.3%; for the high control (mean value:
11.5 ± 0.07%) within-run CV was 0.6% and between-run
CV was 0.9%. The analysis of method comparison is sum-
marized in Figures 2–4. The second generation HbA1c
assay showed a good agreement with HPLC method (y =
1.091x – 0.363; r2 = 0.96, Fig. 2. Bland–Altman plot
of data from HPLC and Tina-quant second generation

Fig. 2. Method comparison plot for the determination of HbA1c using
Roche Tina-quant second generation (TINIA) and Adams HA-8160
(HPLC) (y = 1.091x – 0.363; r2 = 0.96).

assays produced mean bias of 0.19 (−0.3 – 0.7) lower and
upper 95% confidence interval (Fig. 3).

When the relationship between the results obtained
from HPLC and Tina-quant third generation assays was
investigated in 103 subjects, the performance of third gen-
eration assay also showed a good correlation with the
HPLC results (y = 0.96x + 0.02, r2 = 0.98, Fig. 4. Bland–
Altman plot of HPLC results against the Tina-quant third
generation results produced mean bias of −0.38 (−0.8 –
0.03) lower and upper 95% confidence interval.

DISCUSSION

The importance of HbA1c percentage levels in the man-
agement of diabetes mellitus brings out the need of effi-
cient and reliable methods for the measurement of gly-
cated Hb. Analytical performances of various methods
used for this purpose have been examined. Most of these
methods are certified for traceability to the Diabetes Con-
trol and Complication Trial (DCCT) designated com-
parison method, which originally was a HPLC method
(17–19).

Although there are serious efforts to improve the
standardization of methodology for HbA1c (20), some
aspects of the assays still remain controversial. Nowa-
days, immunoturbidimetric HbA1c assays are most com-
mon in clinical laboratories. The immunoassay tech-
nique includes an offline sample pretreatment, followed
by two different methodologies in dual channel, which
have been reported as the reason of imprecision (21). In
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Fig. 3. Bland–Altman difference plot comparing HbA1c results of Roche Tina-quant second generation (TINIA) and Adams HA-8160 (HPLC).

the present study, mean value obtained from 2,917 sub-
jects for HbA1C was 6.1 ± 1.2% by the second generation
Tina-quant assay and 6.3 ± 1.4% by the HPLC method.
The results of the TINIA method were correlated well
with those of HPLC (y = 1.091x – 0.363; r2 = 0.96).
The mean HbA1c value obtained from 103 patients was

Fig. 4. Method comparison plot for the determination of HbA1c us-
ing Roche Tina-quant third generation (TINIA) and Adams HA-8160
(HPLC) (y = 0.96x + 0.02, r2 = 0.98).

6.7 ± 1.8% by the Tina-quant third generation assay.
These data were associated well with those obtained from
HPLC (y = 0.96x + 0.02, r2 = 0.98). Several studies
have also noted a perfect relation and concordance be-
tween HPLC and TINIA methods (22, 23). The CV%
values of second generation TINIA and HPLC methods
in our study for within-run and between-days were also
in good agreement with the reference CVs of previous re-
ports (1, 24, 25). It has been recommended that precision
of HbA1c assays should be less than 2.5% CV as speci-
fied by IFCC working group for HbA1c standardization
(26, 27).

Many immunoassay-based methods have been shown to
be affected by the Hb variants such as HbS and HbC (28,
29). Since the antibodies used in these methods recognize
the N-terminal 4–10 residues of the beta chain of Hb
molecule, any mutations in this region will affect HbA1c
measurements.

In thalassemia minor, a disease particularly com-
mon in Mediterranean, Asia, and Africa, approximately
20% of total Hb is fetal hemoglobin (HbF), which
contains gamma chains instead of beta chains. Gly-
cosylated gamma chains could not be determined by
the immunoassay-based methods, resulting in underes-
timated HbA1c levels. Roche Tina-quant HbA1c second
generation contains the antibody that perceives specifi-
cally the first four amino acids of Hb beta chain and is not
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affected from the Hb variants and derivatives (30,31). Bry
et al. reported that glycated Hb assays—immunoassay,
cation-exchange chromatography, and boronate affinity—
were not affected by the HbF concentration below 5%
of total Hb (28). The cation-exchange chromatographic
methods generally measure the HbA1c concentration by
examining the areas of HbA1c and HbA peaks in the
HPLC chromatogram in order to provide an accurate de-
termination (28, 32, 33). It was reported that increased
HbF peak can be seen properly in front of the HbA1c
peak in a chromatogram accomplished by HA-8160 ana-
lyzer, so that the assay is not affected by the presence of
high concentration of HbF (23).

In conclusion, the TINIA second generation is a reliable
method with very high imprecision and good accuracy,
and its results are in good agreement with those obtained
by the HPLC method.
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