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Summary 
Diabetes mellitus is one of the most common diseases worldwide. The continued prevalence increase, 
together with the complexity of the disease with severe long-term complications makes efficient 
diagnostical and monitorial methods very important. The determination of glycated hemoglobin, HbA1c, 
plays an important role in both, underlying the importance of high-quality analytical instruments. 
Whenever a new instrument is introduced into routine clinical use an evaluation is needed. This study 
evaluated the agreement between the new Tosoh G11 HbA1c high performance liquid chromatography 
system as a replacement for the Bio-Rad D-100 at the Chromatographic Department of the Institute of 
Laboratory Medicine, Faculty of Medicine, University of Debrecen. In total, 66 samples were analyzed 
using both analyzers and a Bland-Altman comparison was performed together with a correlation study. 
Additionally, a linearity check, optimal error and routine error testing was carried out specifically for 
the Tosoh G11. The results showed high agreement between measurements, r=0.9975 (p<0.001) for 
HbA1c mmol/mol and r=0.9971 (p<0.001) for HbA1c %. High repeatability and accuracy were observed 
of the Tosoh G11 with the highest variation coefficient of 1.50 % and linearity r =0.9999. The conducted 
study supports the replacement of the Bio-Rad D-100 to the Tosoh G11.   
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Sammanfattning  
En jämförande studie av Tosoh G11 och Bio-Rad D-100 för HbA1c -analys 

Diabetes mellitus är en av de vanligaste världsomfattande sjukdomarna. Fortsatt prevalensökning, 
tillsammans med den komplexa sjukdomsbilden innefattande allvarliga långsiktiga komplikationer gör 
effektiva diagnostiska och övervakande metoder väldigt viktiga. Bestämning av glykerat hemoglobin, 
HbA1c, spelar en viktig roll i båda, vilket kräver att analysinstrument av hög kvalitet finns. När ett nytt 
instrument introduceras inom kliniska rutinanalyser krävs utvärdering. Denna studie utvärderade 
överrensstämmelsen mellan det nya Tosoh G11 HbA1c högupplösande vätskekromatografisystemet som 
en ersättning för Bio-Rad D-100 på den kromatografiska enheten av laboratoriemedicin på Debrecens 
universitet. Totalt analyserades 66 prov med respektive instrument och Bland-Altman jämförelse 
genomfördes tillsammans med en korrelationsstudie. Dessutom utfördes ett linjäritetstest, optimal- och 
rutinfeltest specifikt för Tosoh G11. Resultaten visade en hög överrensstämmelse mellan mätningarna, 
r=9975 (p<0.001) för HbA1c mmol/mol och r =9971 (p<0.001) för HbA1c %. Tosoh G11 visade hög 
repeterbarhet och noggrannhet, med den högsta variationskoefficient på endast 1.50 % och en linjäritet 
på r=0.9999. Den genomförda studien stödjer Tosoh G11 som ersättning för Bio-Rad D-100.  

 

 

 

Nyckelord: Diabetes mellitus, glykerat hemoglobin, högpresterande vätskekromatografi, 
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Introduction 

Diabetes mellitus is a disease with increasing spread globally where the number of confirmed cases rose 
from 108 million in 1980 to 422 million in 2014 according to the World Health Organization diabetes 
report in 2022. There are different subtypes of the disease, with diabetes type 2 being the most frequent 
followed by type 1, gestational diabetes, and a particular group of less common diabetes types. Diabetes 
is characterized by dysfunctional insulin production or utilization leading to hyperglycemia. Diabetes 
prevalence is increasing, creating a concerning public health risk due to the severe complications and 
the complexity of the disease. Some of the most common long-term complications are kidney failure, 
cardiovascular disease and retinopathy (1). The prevalence of diabetes varies between countries in 
estimated reports (Figure 1) (2). Prevalence of Diabetes mellitus increase has been shown to be higher 
in low- to middle-income countries compared to high-income countries. However, despite being 
classified as a high-income country, Sweden has also experienced noticeably increasing rates. Between 
2007 and 2013, prevalence rose from 5.8 % to 6.8 % and a study based on incidence, prevalence, 
mortality and demographic factors predicted a rise to 10.4 % by 2050 (3).  

 
Figure 1. Estimated prevalence of Diabetes mellitus in adults (aged 20-79) in 2021 by the International 
Diabetes Federation. Modified from (2). 

 
The rising number of cases calls for more effective diagnostical methods with the ability to detect 
morbidity indicators with high specificity and sensitivity. There are several different approaches, 
regarding both parameter usage and technologies, where the clinical processes diverge throughout the 
world and medical organizations. A commonly used parameter is glycated hemoglobin A (hemoglobin 
A1c, HbA1c) which is accepted as a stand-alone diagnostical criteria or part of a larger standardized 
assessment internationally. Additionally, HbA1c is frequently considered the first-hand choice for 
monitoring and chronic management of diabetes by responsible treatment authorities (4). Therefore, 
having standardized and reliable methods to guarantee quality of patient care is of great importance and 
can be ensured by performing comparative studies evaluating conformity and quality.  
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Background 

Diabetes 
In diabetes the metabolic processes are disturbed, deficient insulin production and utilization being the 
cornerstone. Insulin regulates glucose levels by majorly targeting skeletal muscles and adipose tissue 
where its main function is triggering glucose uptake (5). Type 2 diabetes accounts for about 90-95 % of 
total cases and diabetes type 1 accounts for about 5-10 % (6). Type 1 is distinguished by its autoimmune 
etiology where the production of autoantibodies specific for insulin manufacturing islet β-cells in the 
pancreas occurs, eventually resulting in a total lack of insulin secretion and therefore a negligence of 
glucose uptake (7). On the contrary, type 2 diabetes, which poses the greatest threat to public health due 
to its high prevalence, is largely the result of excess body weight, an unhealthy diet and physical inactivity 
which causes the development of insulin resistance in targeted cells. This occurs after a progressive 
desensitization of insulin receptors in the plasma membrane, resulting in insufficient glucose uptake 
and utilization (8).   
 
A third subtype of diabetes, gestational diabetes, is generally defined as any degree of hyperglycemia 
with onset or first recognition during pregnancy. This does not exclude the possibility that glucose 
intolerance was present prior to the onset of pregnancy, but without acknowledgement (9). The fourth 
subtype is a group of specific forms of diabetes due to other causes. Some examples are monogenic 
diabetes syndromes (e.g. neonatal diabetes), diseases of the exocrine pancreas (e.g. pancreatitis) and 
drug- or chemical induced diabetes (6).   

Diabetes diagnostics  
Regardless of pathogenesis, all types of diabetes cause hyperglycemia which is analytically used as the 
cardinal diagnostical factor. Analytical tests used to diagnose diabetes include fasting plasma glucose 
value, 2-hour plasma glucose value during a 75-gram glucose tolerance test (OGTT) or HbA1c value (6). 
The World Health Organization has established diagnostic criteria for Diabetes mellitus, which are also 
applied in Sweden. In the presence of symptoms, the diagnosis can be made based on a random plasma 
glucose concentration of ≥11.1 mmol/l. In the absence of symptoms, a diagnosis can be made based on 
a fasting plasma glucose concentration of ≥7.0 mmol/l and/or an HbA1c value of ≥48 mmol/mol. If 
elevated values are detected in an asymptomatic individual, repeat testing should be performed to 
confirm the diagnosis. When using HbA1c as a diagnostic marker, HbA1c levels must be ≥48 mmol/mol 
on two occasions or ≥48 mmol/mol on one occasion together with elevated plasma glucose (fasting 
plasma glucose or after OGTT) (10, 11). HbA1c was introduced into clinical use in the 1980s and has 
subsequently been used as a monitoring marker for diabetes. For a long time, it was viewed as only this, 
however, since 2009 increasing evidence suggests HbA1c should be used in the diagnosis of diabetes and 
the latest recommendations of diagnostics guidelines include HbA1c as a diagnostic marker (12).  

HbA1c 
Hemoglobin (Hb) molecules in red blood cells are made up of four globin protein chains, two alpha and 
two beta chains. HbA1c is the product of hemoglobin glycation which occurs by a nonenzymatic reaction 
between blood glucose and the N-terminal valine of the β-chain of hemoglobin A (HbA). Glycation of 
hemoglobin is a normal physiological process. Interaction of glucose and hemoglobin reversibly induces 
the formation of aldimine, or Schiff Base, which is gradually converted into the stable ketoamine form, 
or Amadori product, in an irreversible reaction called an Amadori rearrangement. The Amadori 
rearrangement involves a slow isomerization over a few weeks resulting in glucose permanently 
attaching to hemoglobin until it is metabolized (Figure 2). Glycated hemoglobin can be divided into 
fractions where the most abundant is HbA1c. When the average plasma glucose concentration increases, 
as seen in diabetics, the amount of glycated hemoglobin in plasma follows as well. Glycation occurs at a 
non-linear rate during the 120-day lifespan of the red blood cell, HbA1c reflects the average plasma 
glucose concentration over the previous two to three months. The determination of HbA1c does not 
require a fasting blood sample and can be performed at any time of the day. This makes it an excellent 
parameter for assessing diabetes condition (4).  
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Figure 2. Formation of glycated hemoglobin through interaction of the beta-chain N-terminal  valine  and glucose. 
Beginning with reversibly forming the aldimine Schiff base, followed by the Amadori rearrangement leading to the 
irreversible ketamine form known as HbA1c. Adapted from (13). 
 
It is important to consider some factors that may impact hemoglobin glycation independent of glycemia, 
leading to interferences with the HbA1c measurement. Conditions such as beta thalassemia (β-
thalassemia), hemolytic anemia, pregnancy, and recent blood loss could all give falsely low levels of 
HbA1c (14). β-thalassemia affects HbA1c measurements because of its association with elevated levels of 
fetal hemoglobin (HbF). Interference of the analysis is caused by the equivalent properties of HbF and 
HbA1c which leads to more ambiguous separation (15). It has also been shown that the accuracy of HbA1c 
testing can be adversely affected by the presence of hemoglobin gene variants such as Hemoglobin S 
(HbS) and Hemoglobin D. An estimated 7 % of the world´s population are heterozygous carriers of Hb 
disorders (14). Studies have also shown an ethnic correlation to HbA1c concentration, mainly caused by 
the hemoglobin variant HbS interferences. African Americans heterozygous for HbS were shown to have 
lower values by about 0.3 % compared to those without the trait for any given level of mean glycemia 
(6).   
 
Several methods for analyzing HbA1c are available. Currently, there are high performance liquid 
chromatography (HPLC) assays, antibody-based immunoassay (16), and enzyme-based enzymatic assay 
(17). HbA1c is most frequently separated using the HPLC assay which utilizes the molecules´ different 
chemical properties and size compared to the non-glycated hemoglobin. HPLC determination can be 
based on ion exchange or affinity chromatography (18). The accuracy and consistency of HbA1c test 
results are crucial in the management of diabetes. Therefore, it is essential to use a testing method that 
is certified by the National Glycohemoglobin Standardization Program (NGSP) and standardized or 
traceable to the Diabetes Control and Complications Trial reference assay. The choice of testing method 
can significantly affect the HbA1c results, and using a standardized method improves reproducibility (6). 
To ensure accuracy and consistency across laboratories, the American Diabetes Association, the 
European Association for the Study of Diabetes, the NGSP, and the International Federation of Clinical 
Chemistry and Laboratory Medicine (IFCC) have recommended using the IFCC reference method, 
which expresses the results in the unit of measurement in mmol/mol (19). Most findings are still also 
reported in NGSP units (HbA1c %) (20). IFCC units and NGSP units are correlated in the IFCC-NGSP 
master equation NGSP % = [0.0915×IFCC mmol/mol] +2.15 (21).  

 
High performance liquid chromatography 
High performance liquid chromatography uses high pressure to force a solvent (mobile phase) through 
a packed column containing small particles (stationary phase). The system consists of a pump delivering 
the desired flow and composition of the mobile phase through the column. It also consists of a sample 
injection valve, a detector, and a computer to control the system and document results (Figure 3). The 
sample of interest is injected into the flow of the mobile phase. Chemical and physical interactions with 
the stationary phase affect the analytes´ path through the column. The effectiveness of separating 
different analytes depends on the properties of the analyte, the composition of the stationary phase and 
the type of mobile phase used (22).  
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Figure 3. Overview of HPLC. Adapted from (23). 

 
In chromatography, a detector is used to identify when analytes elute from the column, resulting in a 
chromatogram where the different components of the sample appear as peaks. The vertical axis of the 
chromatogram represents the signal strength received by the detector, usually measured in absorbance, 
while the horizontal axis shows the retention time of each component (24). It is possible to get both 
qualitative and quantitative analysis of the sample's components. The analyte can be identified based on 
its retention time. Retention time refers to the time elapsed from the injection of the sample to the point 
where the peak reaches its maximum intensity. Moreover, the area under the peak and the peak height 
can be used to determine the concentration of the analyte. These parameters are directly proportional 
to the amount of substance present in the sample (25). There are many different types of HPLC which 
use different separation techniques, for example size exclusion HPLC, affinity HPLC, hydrophobic 
interactions HPLC and Ion-Exchange HPLC (26).  

Ion-Exchange HPLC  
Ion-Exchange HPLC is a type of liquid chromatography used for the separation and purification of 
charged analytes based on their affinity for the charged stationary phase. In Ion-Exchange HPLC, the 
stationary phase contains functional groups that are either positively or negatively charged while the 
mobile phase typically consists of an aqueous buffer solution. The separation mechanism in Ion-
Exchange HPLC involves the reversible exchange of ions between the stationary phase and the analytes. 
The charged analytes in the sample are attracted to the oppositely charged functional groups on the 
stationary phase, resulting in their retention. By adjusting the ionic strength and pH of the mobile phase, 
the analytes can be eluted from the stationary phase in order of increasing or decreasing charge or by 
competing with other ions present in the mobile phase (27).  
 
Ion-Exchange HPLC for HbA1c measurement separates Hb molecules by utilizing that positively charged 
Hb molecules move slower than negatively charged molecules because of ionic interaction with a 
negatively charged, cation exchange column (28). The Isoelectric Point of HbA1c and Hb differ by 0.02 
units. This difference is sufficient to allow for the separation of HbA1c from non-glycated Hb via HPLC 
(19) (Figure 4). 
 



5 
 

 
 

Figure 4. Ion-exchange HPLC for HbA1c measurement. A: The blood sample is injected into a negatively 
charged column. B, C: Positively charged Hb molecules move slower than negatively charged molecules 
because of ionic interactions with the negatively charged stationary phase. D: HbA1c elutes first as it is 
more negatively charged than HbA0. E: Ion-exchange HPLC can be used to potentially identify other 
Hb species and variants. These may be observed as additional peaks in the chromatogram. Adapted 
from (28). 

 

Tosoh G11 HLC-723G11 and Bio-Rad D-100 
Tosoh Automated Glycohemoglobin Analyzer HLC-723G11 (Tosoh G11) (Tosoh Corporation, Tokyo, 
Japan) (Figure 5) use Ion-Exchange HPLC for quantitative determination of HbA1c in a blood sample. 
The detection system is a photometer, which quantifies the different hemoglobin fractions identified by 
their specific retention time (29). It separates hemoglobin by using a cation exchange column to separate 
HbA1a, HbA1b, HbF, Labile HbA1c, Stable HbA1c, HbA0 by different ionic charges. The HbA1c result is 
determined by calculating the ratio of HbA1c to all HbA-derived fractions. It takes 30 seconds per blood 
sample and up to 120 samples per hour can be analyzed, making it ideal in middle and large-scale 
laboratories. The stationary phase is made of a step gradient with three different salt concentrations. 
The detection method is a 2-wavelength absorbance with detection wavelength at: 415 nm/500 nm, 
where 500 nm is used for background check. After the assay is complete, the results for the different 
hemoglobin fractions are printed out in mmol/mol (IFCC) and as percentages of total Hb (NGSP), along 
with the chromatogram (30).  
 
The previously installed Bio-Rad D-100 (Bio-Rad, Ca, USA) (Figure 5) also uses Ion-Exchange HPLC for 
quantitative determination of HbA1c in a blood sample. The separation of hemoglobin fractions takes 45 
seconds and is capable of processing up to 80 samples every hour. It separates HbA1a, HbA1b, HbF, 
HbA1c, Stable HbA1c and HbA0 (31).  

 
Figure 5. Tosoh G11 HLC 723G11 (30) and Bio-Rad D-100 (32). 
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The Tosoh analyzer generates chromatograms (Figure 6) after completed analysis. HbA1c is indicated by 
the shaded peak and concentration is calculated through peak area. An overlapping peak is a 
phenomenon which may occur in the presence of hemoglobin variants and interfere with the HbA1c 
analysis (33).  
 

 
Figure 6. Example of Tosoh G11 sample results and chromatogram. 
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Aim 

The aim of this study was to evaluate the agreement between the Tosoh G11 and the Bio-Rad D-100 
analyzers for HbA1c analysis at the Chromatographic Department of the Institute of Laboratory 
Medicine, Faculty of Medicine, University of Debrecen, and to investigate the potential of the Tosoh G11 
as a replacement for standardized HbA1c testing.  
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Material and methods 

HbA1c measurement procedure and evaluation  
Sixty-six (N=66) de-identified patient samples included in routine analyses of HbA1c containing a 
minimum of 1 mL whole blood in ethylenediaminetetraacetic (EDTA) test tubes (BD Vacutainer® EDTA 
Tubes) were provided by the Department of Laboratory medicine at the University of Debrecen Medical 
and Health Science Centre. Samples were collected from patients with a suspected or confirmed diabetes 
diagnosis. The Tosoh G11 was calibrated using the HbA1c Calibrator set (S) (Tosoh Corporations, Tokyo, 
Japan). The refrigerated patient samples were allowed to reach room temperature prior to analysis. 
Samples were analyzed using the Tosoh G11 according to the manufacturer´s specifications (30). The 
same samples were also analyzed using the Bio-Rad D-100 according to the manufacturer´s instructions 
(34). Optimal and routine error for Tosoh G11 was measured using the Sysmex control set (Hemoglobin 
A1c Control Set (P/N: 0021974), Sysmex). The control samples were prepared by first diluting 5 uL 
control with 1000 uL HbA1c Diluting Solution (Ref: 0023503, Tosoh corporation, Tokyo, Japan) prior 
measurements.  
 
Measurement data from both analyzers were assessed by calculating the mean and standard deviation 
(SD) then used to calculate the coefficient of variation (CV) using the formula: 𝐶𝑉 =	 !"#$%#&% ()*+#,+-$

.)#$
 

and performing a Bland-Altman plot using Microsoft Office 365 Excel (WA, USA, Version 16.72). Data 
distribution was tested using the Kolmogorov-Smirnov and the Spearman correlation coefficient was 
calculated using IBM SPSS Statistics (NY, USA, Version 28.00). To calculate for optimal error, two 
controls (Hemoglobin A1c Control Set (P/N: 0021974), Sysmex) were injected 20 times in a sequence 
and mean, SD, recovery (𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 = .)#$

/#&0),
) and CV were calculated based upon results. For routine 

error, the same controls were first injected for 20 consecutive working days, and then mean, SD, 
recovery and CV were calculated. For linearity, the Lyphochek Hemoglobin A1c linearity six level set from 
Bio-Rad (Lyphochek™ Hemoglobin A1c linearity set, Bio-Rad lot: 34740) was analyzed twice, producing 
duplicates of each level (30, 34). The mean of each duplicate was then calculated and plotted in a 
scattergram using Microsoft Office 365 Excel (WA, USA, Version 16.72).  
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Ethical considerations  
Ethical self-review has been carried out according to the Jönköping University of Health's instructions. 
The study utilizes blood samples obtained from patients. The samples have been de-identified, so the 
blood samples cannot be traced back to the patients from whom they were collected. The study´s results 
have no physical or psychological impact on the patients who the blood samples came from. No special 
permissions were required for the implementation of the study since instrument evaluations are not 
included in ethical reviews.  
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Results 

Comparison of Tosoh G11 and Bio-Rad D-100 
The data measured on the Bio-Rad D-100 was compared with the results from the Tosoh G11 in IFCC 
(mmol/mol - Appendix 1) and NGSP (% - Appendix 2) units. The data was not normally distributed 
according to the Kolmogorov-Smirnov normality test for HbA1c mmol/mol. The Spearman correlation 
coefficient for HbA1c mmol/mol was r=0.9975 (p<0.001). The correlation study between the Tosoh G11 
and Bio-Rad D-100 and the regression (R) value is shown in Figure 7. Bias for mmol/mol values was -
2.65 and SD was 2.61. The Bland-Altman plot (Figure 8) shows the correlation between Tosoh G11 and 
Bio-Rad D-100 accordingly.  
 

 
Figure 7. Correlation study between Tosoh G11 and Bio-Rad D-100 for HbA1c mmol/mol. 

The red line represents the line of equality. R=0.9962. 
 

 
Figure 8. Bland-Altman plot of Tosoh G11 and Bio-Rad D-100 for HbA1c mmol/mol. Line of agreement 

(purple line), lower limit of agreement (red line), upper limit of agreement (green line). 
  

y = 1.0479x - 0.362
R = 0.9962

20

40

60

80

100

120

140

160

180

20 40 60 80 100 120 140 160 180

To
so

h 
G

11
 -

H
bA

1c
(m

m
ol

/m
ol

)

D-100 - HbA1c (mmol/mol)

HbA1c (mmol/mol)

-10

-5

0

5

10

20 40 60 80 100 120 140 160 180

D
iff

er
en

ce
 b

et
w

ee
n 

tw
o 

H
bA

1c
m

ea
su

re
m

en
ts

 (m
m

ol
/m

ol
)

Average of two HbA1c measurements (mmol/mol)

Bland Altman plot - HbA1c (mmol/mol)



11 
 

HbA1c % measurements were not normally distributed, and the Spearman correlation coefficient was 
r=0.9971 (p<0.001). The correlation study between the Tosoh G11 and Bio-Rad D-100 for HbA1c % and 
the regression value is shown in Figure 9. Bias for the % values was -0.25 % and SD was 0.24. The Bland-
Altman plot (Figure 10) shows the correlation between Tosoh G11 and Bio-Rad D-100.    

 
Figure 9. Correlation study between Tosoh G11 and Bio-Rad D-100 for HbA1c %. The red line represents the line of 

equality. R=0.9962. 

 
Figure 10. Bland-Altman plot of Tosoh G11 and Bio-Rad D-100 for HbA1c %. Line of agreement (purple line), lower 

limit of agreement (red line), upper limit of agreement (green line). 

 

y = 1.0464x - 0.1207
R = 0,9962

0

2

4

6

8

10

12

14

16

18

20

0 2 4 6 8 10 12 14 16 18 20

To
so

h 
G

11
 -

H
bA

1c
(%

)

D-100 - HbA1c (%)

HbA1c (%)

-1

-0,5

0

0,5

1

0 2 4 6 8 10 12 14 16 18 20D
iff

er
en

ce
 b

et
w

ee
n 

tw
o 

H
bA

1c
m

ea
su

re
m

en
ts

 (%
)

Average of two HbA1c measurements (%)

Bland Altman plot - HbA1c (%)



12 
 

Evaluation of Tosoh G11 
Optimal error 
For optimal error, results were obtained from 20 consecutive measurements of control level 1 (Lot: 
AB1040) and 2 (Lot: AB1040) with target values: 32 ± 3 mmol/mol (IFCC units)/5.1 ± 0.3 % (NGSP 
units) and 88 ± 5 mmol/mol (IFCC units)/10.2 ± 0.5 % (NGSP units) respectively.  
 
Mean, SD, CV (%) and recovery (%) were calculated for control level 1 (Table 1) and for control level 2 
(Table 2) in both IFCC mmol/mol and NGSP %. Individual measurements for each data are presented 
in Appendix 3 (control level 1) and Appendix 4 (control level 2).  
 
Table 1. Optimal error calculated on 20 consecutive measurements for control level 1 in IFCC units (mmol/mol) and 
NGSP units (%).  

Optimal error: Hemoglobin A1c Control Set, lot: AB1040 (Level 1), Tosoh G11 
 IFCC [mmol/mol] NGSP [%] 
Mean 33.40 5.21 
SD 0.50 0.03 
CV (%) 1.50 0.59 
Recovery (%) 104.38 102.16 

 
 
Table 2. Optimal error calculated on 20 consecutive measurements for control level 2 in IFCC units (mmol/mol) 
and NGSP units (%). 

Optimal error: Hemoglobin A1c Control Set, lot: AB1040 (Level 2), Tosoh G11 
 IFCC [mmol/mol] NGSP [%] 

Mean 87.85 10.19 

SD 0.45 0.04 

CV (%) 0.51 0.44 

Recovery (%) 99.83 99.90 
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Routine error 
Over a period of 20 consecutive working days the level 1 and level 2 controls were measured to determine 
routine errors. Mean, SD, CV (%) and recovery (%) was calculated for control level 1 (Table 3) and for 
control level 2 (Table 4) in both IFCC mmol/mol and NGSP %. Individual measurements for each data 
are presented in Appendix 5 (control level 1) and Appendix 6 (control level 2).  
 
Table 3. Routine error calculated on measurements obtained over a period of 20 consecutive working days for 
control level 1 in IFCC units (mmol/mol) and NGSP units (%). 

Routine error: Hemoglobin A1c Control Set, lot: AB1040 (Level 1), Tosoh G11 
 IFCC [mmol/mol] NGSP [%] 

Mean 33.20 5.19 

SD 0.41 0.04 

CV (%) 1.24 0.71 

Recovery (%) 103.75 101.76 

 
 
Table 4. Routine error calculated on measurements obtained over a period of 20 consecutive working days for 
control level 2 in IFCC units (mmol/mol) and NGSP units (%) 

Routine error: Hemoglobin A1c Control Set, lot: AB1040 (Level 2), Tosoh G11 
 IFCC [mmol/mol] NGSP [%] 

Mean 87.65 10.17 

SD 0.59 0.06 

CV (%) 0.67 0.58 

Recovery (%) 99.60 99.71 
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Linearity test 
The linearity test of HbA1c analysis was carried out using a six-level control set (Lyphochek™ 
Hemoglobin A1c linearity set, Bio-Rad lot: 34740). For each level, the mean of two measurements were 
plotted against the target value. The linearity test of HbA1c analysis showed a correlation coefficient of 
r=0.9999 with a significance of p<0.001 for both IFCC units mmol/mol (Figure 11) and NGSP units % 
(Figure 12). 

 

 
Figure 11. Linearity test HbA1c (mmol/mol). The y-axis represents the mean of two measurements, while the x-axis 

corresponds to the target values.  
 

 
Figure 12. Linearity test HbA1c (%). The y-axis represents the mean of two measurements, while the x-axis 

corresponds to the target values. 
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Discussion 

Diabetes mellitus is one of the most common diseases worldwide. The continually increasing prevalence 
together with the high severity and complexity of the disease creates a concerning public health risk. 
Untreated or inadequately treated diabetes may lead to serious long-term complications, including 
kidney failure, cardiovascular disease, and retinopathy, which makes efficient diagnostical and 
monitorial methods of great importance. The determination of glycated hemoglobin in blood plays an 
important role in both diagnosis and monitoring (1, 4). The laboratory responsible for HbA1c 
determination at the University of Debrecen, the Chromatographic Department at the Institute of 
Laboratory Medicine, Faculty of Medicine, University of Debrecen, were required to replace the 
previously established Bio-Rad D-100 analyzer due to contractual and economic factors. Command for 
an increase in sample capacity also makes the intended replacement, Tosoh G11, better suited. To ensure 
the new instrument will produce reliable results to guarantee quality of patient care this comparative 
study was conducted. The study investigated the agreement between two HbA1c analyzers (the Tosoh 
G11 and the Bio-Rad D-100) by performing a correlation study and Bland-Altman comparison, in 
addition to specifically evaluating the Tosoh G11 using a linearity check, optimal error and routine error.  

Comparison of the Tosoh G11 and the Bio-Rad D-100 
The results of the correlation study show that the measurements produced by the Tosoh G11 and the 
Bio-Rad D-100 agree very well for both HbA1c mmol/mol and %. With r=0.9975 (p< 0.001) for HbA1c 
mmol/mol and r=0.9971 (p<0.001) for HbA1c %. This is strengthened by the regression coefficients, 
which for both HbA1c units were R=0.9962. The Tosoh G11 can be trusted to give congruent results with 
the Bio-Rad D-100. A comparative study between Bio-Rad D-100 and Tosoh Automated 
Glycohemoglobin Analyzer HLC-723G8 (Tosoh Corporation, Tokyo, Japan) had similar findings. In the 
respective study there was a high degree of agreement, with r=0.9889 and the mean difference of the 
analyzers was -0.229 HbA1c % (29). 
 
Despite the measurements in this study following the regression line and the line of equality close 
throughout (Figure 7 and 9), an increasing divergence can be observed amongst the higher 
concentrations. For sample 61 IFCC units the measured concentration by Bio-Rad D-100 and Tosoh G11 
was 109.2 and 119 mmol/mol respectively (Appendix 1). Although this is a relatively major difference, 
in the case of highly elevated HbA1c levels, this difference has no clinical significance or impact on 
treatment. The most crucial range of values are those of diagnostical significance or values capable of 
detecting pre-diabetes. According to the 2021 guidelines from the American Diabetes Association a level 
of 39-47 mmol/mol (5.7-6.4 %) indicates pre-diabetes while a level of 48 mmol/mol (6.5 %) or higher 
indicates diabetes (6). Therefore, patients with highly elevated HbA1c values are not definitively affected 
if higher concentrations are not equally specific, as a value of 109.2 mmol/mol (12.14 %) or 119 
mmol/mol (13.10 %) would still have the same diagnosis. Ideally, all HbA1c measurements, regardless of 
concentration or analyzer used, should be equally specific. However, it is most important to ensure high 
specificity and sensitivity for HbA1c values between 39-48 mmol/mol (5.7 %-6.5 %) as a value of 46 
mmol/mol (6.4 %) or 48 mmol/mol (6.5 %) can make a difference in the determination of a patient’s 
diagnosis or course of treatment. Early detection and treatment of pre-diabetes can help restore blood 
glucose levels to normal and effectively prevent or delay the onset of type 2 diabetes through moderate 
lifestyle changes (6).  
 
A Bland-Altman plot was used to compare the two different analyzers. The plot displays the difference 
between the paired measurements of the two analyzers against the mean of the two measurements. An 
ideal model would claim that the measurements obtained by either analyzer gave the same results. 
Meanwhile, any measurement of variables always implies some degree of error (35). The bias (the mean 
difference between the two analyzers) was -2.65 mmol/mol for IFCC units and -0.25 % for NGSP units. 
The negative bias indicates that the Bio-Rad D-100 analyzer provides lower results than the Tosoh G11 
when measuring in both IFCC units and NGSP units. As seen in Figure 8 and 10, the differences are 
evenly spread above and below the line of agreement, which represents the line where the difference 
between the two analyzers is zero. This suggests that the differences are randomly distributed, not 
caused by one of the analyzers systematically producing higher or lower values compared to the other. 
The upper and lower limits of agreement represent the interval within which 95 % of the differences 
between the analyzers are expected to fall (35). Out of sixty-six differences, four were found to be below 
the lower limits of agreement. Although, it is worth noting that all four of these differences were obtained 
at HbA1c levels above 100 mmol/mol (above 11 %). 
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Higher HbA1c values obtained from the Tosoh G11 may lead to more aggressive treatment, which could 
be more expensive due to the cost of glucose-lowering agents and patient monitoring. However, it is 
important to consider the potential side effects and long-term complications of untreated diabetes, 
which can result in even greater expenses for the patient and healthcare system over time. Therefore, it 
may be necessary to treat patients more aggressively in the short term to prevent long-term 
complications and reduce overall expenses associated with the disease (36).  

Evaluation of Tosoh G11 
 
The additional tests performed specifically for the Tosoh G11 indicate high repeatability and linearity. 
The optimal error, investigating random errors, shows a low degree of variation in measurements 
produced by the instrument with a CV for control level 1 at only 1.50 % IFCC units and 0.59 % NGSP 
units. The CV was also low for control level 2 with a value of 0.51 % IFCC units and 0.44 % NGSP units. 
Low CV values support the reliability of the potential replacement Tosoh G11. 
 
The recovery for both control levels is close to 100 %, indicating a high degree of accuracy. A difference, 
however, was observed where measurements for control level 1 had a small tendency of overestimating 
HbA1c concentration whereas measurements for control level 2 underestimated concentration levels. 
Clinically, reports of lower values by analyzers are more crucial because they may cause missed 
diagnoses which impacts the patient negatively, nevertheless, the target value of control level 2 was 88 
± 5 mmol/mol (IFCC units) and 10.2 ± 0.5 % (NGSP units). They are not, as mentioned above, within 
the most diagnostically significant ranges. Therefore, this aspect can be regarded as less important.  
 
The routine error test indicates no systematic errors, there was a low degree of variation in 
measurements and deviation of the target values. The CV was highest for control level 1 in IFCC units at 
1.24 % with the rest being below 1 %, however this is still a very low value, thereby showing a high 
precision level and stability for the Tosoh G11 over time. The recovery for both control levels is close to 
100 %, indicating a high degree of accuracy. A similar occurrence to the optimal error was observed 
where measurements for control level 1 had a tendency of overestimating HbA1c concentration whereas 
measurements for control level 2 underestimated concentration levels.  
 
The results of the linearity test show a high capability of the Tosoh G11 to accurately report results of 
HbA1c in the range 12.0 mmol/mol to 176.0 mmol/mol (3.30 % - 18.20 %). The correlation coefficient 
for both units of measurement was r=0.9999 which is as close to perfect linearity as possible. In another 
study evaluating the Tosoh G11 similar findings were made. The study demonstrated reliable analytical 
performance with good precision and linearity. The CV was found to be less than 1.1 % with a correlation 
coefficient of linearity of r=0.9999, leading to similar conclusions regarding the Tosoh G11 individual 
performance (37). 
 
With the high prevalence and the complex treatment requiring individual customization of Diabetes 
mellitus, comes a strain on the acting health care caused by an economic burden as well as concerns 
about resources and time consumption. This underlines the need for effective and favorable diagnostical 
and monitoring analyses which may facilitate faster diagnosis and treatment customization. The search 
for a replacement for the previously installed Bio-Rad D-100 at the Chromatographic Department of the 
Institute of Laboratory Medicine, Faculty of Medicine, University of Debrecen, originally emerged due 
to an expiring contract with the company. The new Tosoh G11 was economically favorable which is one 
of the reasons it was considered as a relevant replacement option. The Tosoh G11 is also capable of 
processing up to 120 samples every hour (30 seconds per sample) compared to only 80 samples every 
hour (45 seconds per sample) by the Bio-Rad D-100. The faster samples processing makes the Tosoh 
G11 more suitable for the sample size the laboratory processes routinely, enabling it to streamline 
diagnostics and monitoring of diabetes.  

Limitations of the study 
Since no separate interference study was conducted to evaluate the effect of lipemia or icterus on HbA1c 
measurements, it cannot be guaranteed that these conditions have not interfered with the 
measurements in this study. However, this study accepted the manufacturer's specifications on icterus 
(bilirubin) and lipemia (triglyceride) that no interferences occur below concentrations of 20 g/L and 5 
g/L respectively (35). The Tosoh G11 diluted and hemolyzed the samples (dilution rate: 1/201) prior to 
measurement, resulting in a very low risk of samples containing concentrations above the specified 
interference limits. Samples with highly elevated HbA1c levels showed some discrepancy, however, as 
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discussed earlier differences at HbA1c levels above 100 mmol/mol (above 11 %) have smaller clinical 
impact. Meanwhile, this study did not consider the possible presence of hemoglobin gene variants which 
may affect the accuracy of HbA1c testing. To detect hemoglobin gene variants in addition to lipemia and 
icterus, the implementation of a separate interference study would be of interest in the future to secure 
reliable results. 
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Conclusions 

Evaluation of the agreement between the Tosoh G11 and Bio-Rad D-100 show a high accordance level of 
the analyzers for HbA1c analysis with a high correlation for the included range, thereby supporting the 
Tosoh G11 as a replacement for standardized HbA1c testing. The additional tests performed specifically 
for the Tosoh G11 provide further evidence for the replacement, due to the high repeatability, accuracy 
and precision observed. Implementation of the new HbA1c analyzer will benefit both laboratory 
personnel and patients with greater time optimization. Faster response times and quality secured HbA1c 
analysis will also benefit patients because of HbA1c´s crucial role in monitoring and diagnosing Diabetes 
mellitus, which is now of particularly high relevance regarding the increasing prevalence.  
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Appendix 

Appendix 1: Tosoh G11 and Bio-Rad D-100 comparison measurements in IFCC 
(mmol/mol) 

  Comparison (IFCC units mmol/mol) Bio-Rad D-100-TosohG11 

Sample D-100 Tosoh G11 Difference Mean 
1 18,8 20 -1,2 19,4 
2 21,8 25 -3,2 23,4 
3 23,1 21 2,1 22,05 
4 26,1 27 -0,9 26,55 
5 26,6 25 1,6 25,8 
6 27,5 29 -1,5 28,25 
7 28,2 28 0,2 28,1 
8 28,6 30 -1,4 29,3 
9 30,3 31 -0,7 30,65 

10 30,5 35 -4,5 32,75 
11 30,9 31 -0,1 30,95 
12 31,0 31 0 31 
13 31,5 35 -3,5 33,25 
14 32,1 35 -2,9 33,55 
15 33,7 34 -0,3 33,85 
16 33,9 35 -1,1 34,45 
17 34,8 38 -3,2 36,4 
18 35,5 38 -2,5 36,75 
19 38,2 40 -1,8 39,1 
20 38,4 37 1,4 37,7 
21 38,8 39 -0,2 38,9 
22 39,7 42 -2,3 40,85 
23 41,9 43 -1,1 42,45 
24 41,9 45 -3,1 43,45 
25 42,5 45 -2,5 43,75 
26 42,9 45 -2,1 43,95 
27 45,1 49 -3,9 47,05 
28 46,1 49 -2,9 47,55 
29 46,2 45 1,2 45,6 
30 50,2 53 -2,8 51,6 
31 52,8 56 -3,2 54,4 
32 54,0 58 -4 56 
33 55,0 57 -2 56 
34 56,6 59 -2,4 57,8 
35 61,7 61 0,7 61,35 
36 62,6 62 0,6 62,3 
37 63,6 67 -3,4 65,3 
38 65,5 70 -4,5 67,75 
39 67,1 72 -4,9 69,55 
40 67,6 69 -1,4 68,3 
41 69,3 76 -6,7 72,65 
42 71,5 75 -3,5 73,25 
43 72,2 76 -3,8 74,1 
44 75,0 78 -3 76,5 
45 75,4 79 -3,6 77,2 
46 79,0 80 -1 79,5 
47 80,1 83 -2,9 81,55 
48 80,2 81 -0,8 80,6 
49 83,7 86 -2,3 84,85 
50 84,7 83 1,7 83,85 
51 85,5 90 -4,5 87,75 
52 87,3 92 -4,7 89,65 
53 88,4 89 -0,6 88,7 
54 90,1 90 0,1 90,05 
55 91,3 95 -3,7 93,15 



 

 
 

  Comparison (IFCC units mmol/mol) Bio-Rad D-100-TosohG11 

Sample D-100 Tosoh G11 Difference Mean 
56 97,2 101 -3,8 99,1 
57 98,7 108 -9,3 103,35 
58 100,7 106 -5,3 103,35 
59 107,2 113 -5,8 110,1 
60 108,3 112 -3,7 110,15 
61 109,2 119 -9,8 114,1 
62 113,8 119 -5,2 116,4 
63 118,2 119 -0,8 118,6 
64 127,4 136 -8,6 131,7 
65 140,7 147 -6,3 143,85 
66 167,0 176 -9 171,5 

Mean 62,81 65,45 -2,65 64,13 
Minimum 18,8 20 -9,8 19,4 
Maximum 167 176 2,1 171,5 

Appendix 2: Tosoh G11 and Bio-Rad D-100 comparison measurements in 
NGSP (%) 

  Comparison (NGSP units %) Bio-Rad D-100-TosohG11 
Sample D-100 Tosoh G11 Difference Mean 

1 3,87 3,90 -0,03 3,89 
2 4,14 4,50 -0,36 4,32 
3 4,27 4,10 0,17 4,19 
4 4,54 4,60 -0,06 4,57 
5 4,58 4,50 0,08 4,54 
6 4,67 4,80 -0,13 4,74 
7 4,73 4,70 0,03 4,72 
8 4,77 4,90 -0,13 4,84 
9 4,92 5,00 -0,08 4,96 

10 4,94 5,40 -0,46 5,17 
11 4,97 5,00 -0,03 4,99 
12 4,99 5,00 -0,01 5,00 
13 5,03 5,30 -0,27 5,17 
14 5,09 5,40 -0,31 5,25 
15 5,23 5,20 0,03 5,22 
16 5,25 5,40 -0,15 5,33 
17 5,33 5,60 -0,27 5,47 
18 5,40 5,70 -0,30 5,55 
19 5,65 5,80 -0,15 5,73 
20 5,67 5,50 0,17 5,59 
21 5,70 5,70 0,00 5,70 
22 5,78 6,00 -0,22 5,89 
23 5,98 6,10 -0,12 6,04 
24 5,98 6,30 -0,32 6,14 
25 6,04 6,30 -0,26 6,17 
26 6,07 6,30 -0,23 6,19 
27 6,28 6,60 -0,32 6,44 
28 6,37 6,60 -0,23 6,49 
29 6,38 6,20 0,18 6,29 
30 6,74 7,00 -0,26 6,87 
31 6,98 7,30 -0,32 7,14 
32 7,09 7,40 -0,31 7,25 
33 7,19 7,40 -0,21 7,30 
34 7,33 7,60 -0,27 7,47 
35 7,79 7,70 0,09 7,75 
36 7,88 7,90 -0,02 7,89 
37 7,97 8,30 -0,33 8,14 
38 8,15 8,50 -0,35 8,33 
39 8,29 8,80 -0,51 8,55 
40 8,34 8,50 -0,16 8,42 



 

 
 

  Comparison (NGSP units %) Bio-Rad D-100-TosohG11 
Sample D-100 Tosoh G11 Difference Mean 

41 8,49 9,10 -0,61 8,80 
42 8,69 9,00 -0,31 8,85 
43 8,76 9,10 -0,34 8,93 
44 9,01 9,30 -0,29 9,16 
45 9,05 9,40 -0,35 9,23 
46 9,38 9,50 -0,12 9,44 
47 9,48 9,80 -0,32 9,64 
48 9,49 9,60 -0,11 9,55 
49 9,80 10,00 -0,20 9,90 
50 9,90 9,80 0,10 9,85 
51 9,97 10,40 -0,43 10,19 
52 10,14 10,60 -0,46 10,37 
53 10,24 10,30 -0,06 10,27 
54 10,40 10,40 0,00 10,40 
55 10,51 10,80 -0,29 10,66 
56 11,04 11,40 -0,36 11,22 
57 11,18 12,00 -0,82 11,59 
58 11,60 11,90 -0,30 11,75 
59 11,96 12,50 -0,54 12,23 
60 12,06 12,40 -0,34 12,23 
61 12,14 13,10 -0,96 12,62 
62 12,56 13,00 -0,44 12,78 
63 12,97 13,10 -0,13 13,04 
64 13,81 14,60 -0,79 14,21 
65 15,02 15,60 -0,58 15,31 
66 17,43 18,20 -0,77 17,82 

Mean 7,90 8,15 -0,25 8,02 
Minimum 3,87 3,9 -0,96 3,885 
Maximum 17,43 18,20 0,18 17,815 

Appendix 3: Optimal error control level 1 
Optimal error: Hemoglobin A1c Control Set, lot: AB1040 (Level 1), Tosoh G11 

Measurement NGSP [%] IFCC [mmol/mol]  Measurement NGSP [%] IFCC [mmol/mol] 

1 5.2 33  11 5.2 34 

2 5.2 33  12 5.2 34 

3 5.2 33  13 5.2 34 

4 5.2 33  14 5.3 34 

5 5.2 33  15 5.2 34 

6 5.2 33  16 5.2 33 

7 5.2 33  17 5.2 33 

8 5.2 33  18 5.2 34 

9 5.2 33  19 5.3 34 

10 5.2 34  20 5.2 33 
 

Appendix 4: Optimal error control level 2 
 Optimal error: Hemoglobin A1c Control Set, lot: AB1040 (Level 2), Tosoh G11 

Measurement NGSP [%] IFCC [mmol/mol]  Measurement NGSP [%] IFCC [mmol/mol] 

1 10.1 87  11 10.2 88 

2 10.2 88  12 10.2 88 

3 10.1 87  13 10.1 87 

4 10.1 87  14 10.2 88 

5 10.2 88  15 10.2 88 

6 10.2 88  16 10.2 88 



 

 
 

7 10.3 89  17 10.2 88 

8 10.2 88  18 10.2 88 

9 10.2 88  19 10.2 88 

10 10.2 88  20 10.2 88 

Appendix 5: Routine error control level 1 
 

Routine error: Hemoglobin A1c Control Set, lot: AB1040 (Level 1), Tosoh G11 

Measurement NGSP [%] IFCC [mmol/mol] 
 

Measurement NGSP [%] IFCC [mmol/mol] 

1 5.20  33 
 

11 5.10  33 

2 5.20  33 
 

12 5.20  33 

3 5.20  34 
 

13 5.20  33 

4 5.20  33 
 

14 5.20  33 

5 5.20  33 
 

15 5.10  33 

6 5.20  33 
 

16 5.20  33 

7 5.20  34 
 

17 5.20  33 

8 5.20  33 
 

18 5.20  34 

9 5.20  34 
 

19 5.20  33 

10 5.10  33 
 

20 5.20  33 

   
 

   

Appendix 6: Routine error control level 2 
 Routine error: Hemoglobin A1c Control Set, lot: AB1040 (Level 2), Tosoh G11 

Measurement NGSP [%] IFCC [mmol/mol] 
 

Measurement NGSP [%] IFCC [mmol/mol] 

1 10.1 87 
 

11 10.1 87 

2 10.2 88 
 

12 10.1 87 

3 10.2 88 
 

13 10.2 88 

4 10.2 88 
 

14 10.1 87 

5 10.2 88 
 

15 10.1 87 

6 10.1 87 
 

16 10.2 88 

7 10.3 89 
 

17 10.1 87 

8 10.2 88 
 

18 10.2 88 

9 10.2 88 
 

19 10.2 88 

10 10.2 88 
 

20 10.1 87 
 
 


