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SUMMARY
Background: HbA1c is the gold standard of diabetic surveys to monitor the long-term glycemic control. Anemia is
cited as a major confounder to HbA1c analysis; however, the effect of RBC indices influences on HbA1c analysis
is not known. The aim of this study is to compare ion-exchange high-performance liquid chromatography, and
capillary electrophoresis to evaluate the influence of RBC parameters on HbA1c values in anemia patients.
Methods: Erythrocyte parameters were collected from the 307 randomly selected specimens from the Hematology
division. HbA1c was measured on the same specimen using Tosoh G8 and Capillarys 2 Flex Piercing on the same
day.
Results: There is acceptable concordance between the results of capillary electrophoresis and HPLC methods
(R2 = 0.953, p < 0.001). However, significant differences in HbA1c value between the two assay methods were obtained in the patients with abnormal RBC indices (p < 0.001).
Conclusions: Our results demonstrated HbA1c differences were significantly different in the patients with low Hb
(≤ 8 g/dL) and high RDW-CV (≥ 13.7%). It is suggested that in the analysis of HbA1c level in anemia patients,
simultaneous testing for hemoglobin level is needed. In addition, development of a new reference value of HBA1c
for patients with severe anemia should be considered.
(Clin. Lab. 2022;68:xx-xx. DOI: 10.7754/Clin.Lab.2021.211053)
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INTRODUCTION

Erythrocyte indices
The levels of hemoglobin (Hb), mean corpuscular hemoglobin (MCH), mean corpuscular volume (MCV),
mean corpuscular hemoglobin concentration (MCHC),
hematocrit (Hct), red blood cell distribution width
(RDW), and red blood cell count were measured by the
automated counter Sysmex XE-9000 (Sysmex Co., Kobe, Japan) according to the manufacturer’s instructions.

Glycosylated hemoglobin (HbA1c) has a glucose residue specially attached to the N-terminal valine residue
of one or both HbA beta chains. Red blood cells (RBC)
are freely permeable to the plasma glucose molecules;
therefore, HbA1c level is directly proportional to average blood glucose concentration over the previous 4
weeks to 3 months or the average lifespan of the erythrocyte [1]. However, factors besides mean blood glucose appear to affect HbA1c levels by a variety of genetic, physiological, hematological, and illness-related
factors [2]. Depending on the type of anemia, it may be
associated with a rapid turnover of erythrocytes, resulting in lower HbA1c levels, or alternatively, slower turnover of erythrocytes, resulting in increased glycation of
hemoglobin (Hb) and, consecutively, higher HbA1c levels [3]. Therefore, anemia is cited as a major confounder to HbA1c analysis; however, the effect of RBC indices and to what degree they influence HbA1c analysis
in a laboratory is still unknown. The use of HbA1c for
the diagnosis of diabetes is now widely recommended
despite limitations to its use.
Accurate HbA1c results are essential for monitoring and
diagnosis of diabetic patients. Presently, the methods
most commonly used to quantify HbA1c are capillary
zone electrophoresis or ion-exchange high-performance
liquid chromatography (HPLC). Both methods separate
and determine HbA1c from other Hb fractions based on
charge or mass differences and have the advantage of
showing the presence of hemoglobin variants which is
important for the analysis of HbA1c results [4,5]. As
different methods for HbA1c determination exhibit different characteristics and performances, the reliability
and comparability of different methods used to measure
HbA1c and their potential interchangeability represents
a key feature in a clinical laboratory [6,7]. Therefore,
the aim of this study was to compare Tosoh G8 HPLC
Analyzer and Sebia Capillary 2 Flex Piercing (Cap 2FP)
instrument to evaluate the correlation in patients with
various hemoglobin content and RBC indices.

Analyzers for HbA1c
The Sebia Capillary 2 Flex Piercing instrument (Sebia
Cap2FP) (Sebia, Evry Cedex, France) is an automated
analyzer for the quantitative analysis of proteins with
fast separation and good resolution. The CAPILLARYS
HbA1c kit is based on the capillary zone electrophoresis
principle, where hemoglobin fractions are separated by
their charge in an alkaline buffer (pH 9.4). The instrument has capillaries functioning in parallel allowing 8
simultaneous analyses for hemoglobin quantification
from the whole blood sample. Then, 18 µL of the
whole-blood sample is automatically diluted (1/6) with
a hemolyzing solution and is injected at the anodic end
of the capillary by hydrodynamic injection. A high-voltage protein separation is then performed and direct detection of the hemoglobin is made at the cathodic end of
the capillary at 415 nm.
Tosoh G8 Analyzer (Tosoh Bioscience, San Francisco,
CA, USA) is a fully automatic HPLC analyzer for the
fast determination of HbA1c and hemoglobin variants.
Separation is achieved by non-porous ion-exchange
HPLC for rapid, accurate, and precise separation of the
stable form of HbA1c from other hemoglobin fractions.
Approximately 3 µL of whole blood is automatically diluted (1/200) with hemolysis buffer and washing solution in the dilution port. Next, the diluted sample is injected onto the column, and the separated fractions are
continuously monitored by the diode detector system at
415 and 510 nm.
Statistical analysis
Statistical analysis was performed using SPSS software
(Version 22.0; IBM SPSS Statistics for Windows; IBM
Corp., Armonk, NY, USA). Data are expressed as mean
± standard deviation. The t-test was used to compare
differences between the groups. Intergroup comparisons
were performed using one-way ANOVA for continuous
variables. Pearson’s correlation and multiple regression
analysis were performed to assess the correlation between RBC indices and HbA1c differences between Tosoh G8 and Sebia Cap2FP analyzers. The p-values of
< 0.05 (p < 0.05) was considered to be statistically significant.

MATERIALS AND METHODS
Sample collection
This study comprised 307 randomly selected samples
from the subjects who were at the clinical laboratory between June and August 2018 for routine hematological
assay and HbA1c analysis.
Blood samples were obtained through venipuncture into
2.0 mL BD Vacutainer® Hemogard tubes with K2EDTA (Becton Dickinson, Plymouth, UK). Complete
blood counts were analyzed in fresh blood, and leftover
samples were used to measure the HbA1c levels.
HbA1c levels were measured with two different methods and were completed within 8 hours following blood
sampling.
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RESULTS

p < 0.0001; r = -0.332, p < 0.0001; r = -0.203, p =
0.0004; r = -0.226, p < 0.0001; respectively). Only
RDW-CV increased slightly with HbA1c differences
(r = 0.257, p < 0.0001) as shown in Supplemental Data
Figure S1.
The subgroups were categorized into quartiles with HbA1c differences between Tosoh G8 and Sebia Cap2FP
values, RBC, Hb, and Hct were decreased gradually and
significantly, as the differences of Tosoh G8 and Sebia
Cap2FP value increased (p = 0.0004, p < 0.0001, p <
0.0001, respectively) as shown in Table 3. Based on the
results of our analysis, there were no significant differences in age, gender, and MCV between different
subgroups stratified by HbA1c differences of Tosoh G8
and Sebia Cap2FP values. In addition, MCH, MCHC,
MCV/MCH, and RDW-CV also showed significant differences between subgroups (p = 0.032, p = 0.003, p =
0.004, and p = 0.002, respectively).
The distribution of HbA1c differences of Tosoh G8 and
Sebia Cap2FP across quartiles of RBC parameters is
presented in Table 4. In the subgroups with available
RBC parameters, HbA1c analysis differences were
strongly inversely associated with Hb, Hct, and MCHC
(p < 0.0001, respectively). By contrast, RDW-CV was
positively associated with HbA1c differences of Tosoh
G8 and Sebia Cap2FP (p < 0.0001). In other words,
when the values of RBC indices, Hb, Hct, and MCHC,
are low or RDW-CV is high, the HbA1c measurement
in the instruments may be unstable and unreliable. We
further find the cutoff value of RBC parameters to compare the association of HbA1c differences with two analyzers used in our study. All the samples were separated
into two groups according the cutoff of RBC parameters
(Hb = 8 g/dL, Hct = 25.4%, MCHC = 31.6 g/dL, and
RDW-CV = 13.7%), HbA1c differences between Tosoh
G8 and Sebia Cap2FP were demonstrated to have statistical significance between the groups (Supplemental
Data Figure S2).
Based on our data, the comparisons between the results
of HbA1c obtained with Tosoh G8 and Sebia Cap 2FP
were reanalyzed separately according to the cutoff of
Hb or RDW-CV. When the cutoff of Hb is 8 g/dL, the
HbA1c values obtained using the G8 system were significantly correlated with Cap2FP. Linear regression analysis of the data from the comparison between the Sebia
analyzer and the Tosoh G8 is shown in Figure 2A and
2C with slopes of 0.969 and 0.949 and intercepts of
-0.014 and 0.287, without any significant deviation
from linearity. The Bland-Altman plots of differences
between Tosoh G8 and Sebia Cap2FP analyzers are
shown in Figure 2B and 2D. When the cutoff of Hb at
≤ 8 g/dL, the mean difference (± 1.96SD) was 3.55%
(-4.86 to 11.96%) (Figure 2B); however, the mean difference (± 1.96SD) was 0.18% (-6.89 to 7.26%) in the
group of Hb cutoff at Hb > 8 g/dL (Figure 2D). In addition, the samples were analyzed based on RDW-CV
cutoff at 13.7%, the HbA1c values obtained using the
G8 system all were significantly correlated with Cap2FP. Linear regression analysis of the data from the

During the study period, a total of 307 patients (53.1%
males) with mean age 60.85 (range 15 - 98) participated
in the study. The baseline demographic and hematological parameters obtained from the patients are displayed
in Supplemental Data Table S1. Of the 307 patients,
238 were anemic with Hb < 10 g/dL, including 26
macrocytic with MCV > 100 fL and 42 microcytic with
MCV < 80 fL.
All samples were simultaneously analyzed with Tosoh
G8 HPLC and Sebia Cap2FP to detect HbA1c values.
The HbA1c values obtained using the G8 system were
significantly correlated with Cap2FP (R2 = 0.953, Pearson’s correlation coefficient r = 0.976, p < 0.001). Linear regression analysis of the data from the comparison
between the Sebia analyzer and the Tosoh G8 (Figure
1A) showed a slope of 0.963 (95% confidence interval:
0.939 to 0.987) and an intercept of 0.106 (95% confidence interval: -0.044 to 0.257), without significant deviation from linearity. The Bland-Altman plots of differences between Tosoh G8 and Sebia Cap2FP are
shown in Figure 1B. The mean difference (± 1.96SD)
was 2.00% (-7.29 to 11.29 %). The Tosoh G8 value is
on average about 2% higher than the Sebia Cap2FP
value.
The World Health Organization (WHO) and American
Diabetes Association (ADA) have both advocated the
use of HbA1c for the diagnosis of diabetes at a value of
“6.5%” [8]. Based on Figure 1A, the samples were demonstrated to have more obvious relative differences between the two assay methods when the HbA1c value
was within normal ranges (< 6.5%). It is probable that
in non-diabetic people the main cause of the difference
between the two analyzers is also related to the other
parameters of the blood sample. We sought to compare
RBC indices where there is an interference for HbA1c
detection with Tosoh G8 and Sebia Cap2FP. A Pearson
product-moment-correlation coefficient (Pearson’s correlation) was calculated to assess the correlation of HbA1c differences between Tosoh G8 and Sebia Cap2FP
and RBC parameters. Correlation analysis revealed that
HbA1c differences between Tosoh G8 and Sebia Cap2FP significantly correlated with RBC count (r =
-0.204, p = 0.0003), Hb (r = -0.0.348, p < 0.001), Hct
(r = -0.333, p < 0.0001), MCV (r = -0.184, p = 0.001),
and MCH (r = -0.176, p = 0.002) and RDW-CV (r =
0.207, p = 0.0003) as shown in Table 1. However, after
multivariable regression analysis, only MCV, MCHC,
and MCV/MCH were strongly inversely correlated with
HbA1c differences between Tosoh G8 and Sebia Cap2FP analysis (β = -3.22, p = 0.001; β = -2.59, p <
0.0001; β = -1.19, p = 0.001), and a positive correlation
was seen between HbA1c differences and MCH (β =
3.89, p = 0.0001) as shown in Table 2.
The linear regression curves show RBC, Hb, Hct,
MCV, and MCH decreased gradually with the increase
of HbA1c differences between Tosoh G8 and Sebia
Cap2FP analysis (r = -0.193, p = 0.0007; r = -0. 371,
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Table 1. Pearson’s correlation of RBC parameters with HbA1c differences between Tosoh G8 and Sebia Cap2FP.
RBC parameters

Pearson r

p

RBC (106/μL)

-0.204

0.0003

Hb (g/dL)

-0.348

< 0.0001

Hct (%)

-0.333

< 0.0001

MCV (fL)

-0.184

0.001

MCH (pg/cell)

-0.176

0.002

MCHC (g/dL)

-0.100

0.082

MCV/MCH

0.074

0.195

RDW-CV (%)

0.207

0.0003

Table 2. Multivariable Linear Regression analysis of RBC parameters with HbA1c differences between Tosoh G8 and Sebia
Cap2FP.
β

Variables
RBC

(106/μL)

Adjusted β

95% CI

p

0.49

0.10

-4.20, 5.18

ns

Hb (g/dL)

-0.14

-0.08

-4.69, 4.40

ns

Hct (%)

-0.24

-0.38

-1.98, 1.51

ns

MCV (fL)

-1.45

-3.22

-2.29, -0.6

0.001

MCH (pg/cell)

4.24

3.89

1.82, 6.66

0.001

MCHC (g/dL)

-6.14

-2.59

-9.11, -3.17

0.000

MCV/MCH

-25.19

-1.19

-40.34, -10.04

0.001

RDW-CV (%)

-0.003

-0.005

-0.07, 0.06

ns

comparison between the Sebia analyzer and the Tosoh
G8 as shown in Figure 2E and 2G with slopes of 0.954
and 0.991 and intercepts of 0.122 and 0.051, without
any significant deviation from linearity. The Bland-Altman plots of differences between Tosoh G8 and Sebia
Cap2FP analyzers are shown in Figure 2F and 2H.
When RDW-CV range ≤ 13.7%, the mean difference
(± 1.96SD) was 0.13% (-7.61 to 7.86%) (Figure 2F);
however, the mean difference (± 1.96SD) was 2.61% (5.95 to 11.17%) in the group of RDW-CV range of
> 13.7% as shown in Figure 2H.

resis (CE), and HPLC methods, have acceptable concordant results (R2 = 0.953, p < 0.001) [12-14]. However,
significant differences of HbA1c between the two assays were shown to be inversely associated with Hb,
Hct, and MCHC (p < 0.0001, respectively). By contrast,
RDW-CV was positively associated with HbA1c differences of Tosoh G8 and Sebia Cap2FP methods (p <
0.0001). In other words, when the values of Hb, Hct,
and MCHC are low or RDW-CV is high, the HbA1c
measurement in these two methods may be unstable and
unreliable. Our results showed HbA1c from capillary
electrophoresis and HPLC methods were significantly
different in the patients with low Hb (≤ 8 g/dL) and
high RDW-CV (≥ 13.7%).
A systemic review suggested that HbA1c should be seriously considered in patients who had abnormalities in
RBC indices [3]. Koga et al. studied the relationship between RBC indices and HbA1c in premenopausal women [15]. They found that MCV and MCHC were negatively associated with HbA1c. In addition, RBC’s life
span is a known physiological variable influencing HbA1c. There is evidence to show a linear increase in HbA1c as the mean RBC age increases in vivo [16]. Both

DISCUSSION
HbA1c level has an important role for the clinical diagnosis and treatment of diabetes [9,10]. RBC indices,
used to diagnose the cause of anemia, have been found
to affect the detection of HbA1c [3,11]. We hypothesized that RBC indices could underlie analytical disparity of HbA1c by Tosoh G8 and Sebia Cap 2FP analytical
methods. Our results are in concurrence with the previous report, the two assay methods, capillary electropho-
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Table 3. Baseline demographic and RBC parameters characteristics with quartiles of HbA1c differences between Tosoh G8
and Sebia Cap2FP.

Gender

Q1 (n = 77)

Q2 (n = 78)

Q3 (n = 76)

Q4 (n = 76)

p

Male (%)

51.95

60.26

48.68

51.32

0.308

Female (%)

48.05

39.74

51.32

48.68

0.967

58.96 ± 18.74

60.26 ± 16.34

62.75 ± 18.11

61.49 ± 19.04

0.603

Age (years)
RBC

(106/μL)

3.49 ± 1.07

3.36 ± 1.04

3.08 ± 0.98

2.86 ± 0.81

0.0004

Hb (g/dL)

10.10 ± 3.08

9.50 ± 2.61

8.60 ± 2.26

7.47 ± 1.28

< 0.0001

Hct (%)

31.03 ± 8.70

29.05 ± 7.88

26.43 ± 7.02

23.79 ± 4.72

< 0.0001

MCV (fL)

90.29 ± 9.94

88.08 ± 10.70

87.41 ± 9.26

85.83 ± 13.25

0.086

MCH (pg/cell)

29.33 ± 4.10

28.86 ± 4.01

28.60 ± 3.95

27.30 ± 5.40

0.032

MCHC (g/dL)

32.41 ± 2.11

32.71 ± 1.48

32.62 ± 1.75

31.62 ± 2.51

0.003

MCV/MCH

3.10 ± 0.26

3.06 ± 0.15

3.08 ± 0.18

3.19 ± 0.28

0.004

RDW-CV (%)

16.91 ± 14.33

15.92 ± 3.99

16.01 ± 2.77

17.38 ± 3.35

0.002

Table 4. Distribution of HbA1c differences between Tosoh G8 and Sebia Cap2FP analysis in relation to quartiles (Q1-Q4) of
RBC parameters.
RBC parameters

Q1

Q2

Q3

Q4

p

RBC

2.88 ± 4.44 *

2.52 ± 4.34

1.87 ± 4.59

0.69 ± 5.33

0.023

Hb

3.55 ± 5.29

3.28 ± 4.13

1.52 ± 4.70

-0.71 ± 3.48

< 0.0001

Hct

3.61 ± 4.55

2.90 ± 4.17

2.08 ± 4.91

-0.70 ± 4.21

< 0.0001

MCV

3.21 ± 5.38

1.76 ± 4.88

1.65 ± 4.16

1.35 ± 4.29

0.069

MCH

3.55 ± 5.51

1.27 ± 4.72

1.22 ± 3.95

1.96 ± 4.35

0.007

MCHC

3.41 ± 5.78

1.53 ± 4.42

0.68 ± 3.99

2.33 ± 4.13

< 0.0001

MCV/MCH

2.12 ± 4.15

0.40 ± 4.01

2.26 ± 4.65

3.38 ± 5.76

0.002

RDW-CV

0.13 ± 3.94

2.15 ± 4.39

2.24 ± 4.50

3.68 ± 5.48

< 0.0001

* Data were shown in percentage (mean ± SD).

MCH and MCV decrease linearly during the lifespan of
RBC. Previous reports suggested a positive correlation
between HbA1c and RDW-CV because diabetic subjects have anisocytosis caused by inefficient erythropoiesis or destruction [17,18].
An efficient and reliable method is required for the
measurement of glycated Hb in the management of diabetes mellitus. In previous reports, there was good concordance between the results of capillary electrophoresis and the HPLC method [12-14]. In our study, Sebia
Cap2FP and Tosoh G8 HPLC methods revealed acceptable precision and good accuracy, but a significant difference was obtained between the mean levels of both
methods, especially in patients with anemia (Hb < 8
g/dL). The Bland-Altman plot showed a mean absolute
difference of 2.0% HbA1c. This means that the Tosoh
G8 method measures on average 2% higher than the Sebia method. This bias is significant, it seems to be reClin. Lab. 8/2022

lated to lower concentrations of HbA1c (< 6.5%). But
regression analysis of the Tosoh G8-Sebia methods
showed minor differences as it did not encompass zero.
However, the difference was very small with no relative
systematic difference which is not clinically relevant.
The studies of Wu et al. have also shown that the HbA1c results obtained with the Tosoh G8 and Sebia
methods are in good agreement using the Bland-Altman
plots [13]. In the Klingenberg et al. study, the HPLC
method also showed slightly higher results [12]. The
aim of this study is to compare HbA1c analysis by the
Sebia capillary electrophoresis and Tosoh G8 HPLC to
evaluate the correlation in patients with different RBC
indices. Based on our data, HbA1c alone might not be
suitable for the diagnosis of diabetes in subjects with severe anemia. As shown in the previous reports, the patients with low Hb would have significantly lower HbA1c values than those with normal Hb [9,12,13]. Our
5
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Figure 1. Comparison between the results of HbA1c obtained with Tosoh G8 and Sebia Cap 2FP. (A) Correlation plot with linear regression line (r = 0.976, p = 0.0001). (B) Bland-Altman difference plot comparing HbA1c results between two analyzers.

results demonstrated that abnormalities of RBC indices
are a considerable confounder in the analysis of HbA1c.
Especially, Hb ≤ 8 g/dL or RDW-CV ≥ 13.6% values
would show significant differences for HbA1c detection
by different methods. The key questions that are still to
be answered are whether anemia and erythrocyte abnormalities will have a significant impact on HbA1c analysis by different analytical instruments in the general
population.
The value of HbA1c is affected by three main factors:
1) the Hb content of reticulocytes when they are released from the bone marrow, 2) the mean age of RBCs
in the circulation, and 3) the Hb glycation rate [19,20].
Hyperglycemia has different effects on the RBC indices. The effects may be extended to include glycation
of Hb, reduced RBC deformability, and lifespan [1,17].

The exact degree of significant changes in RBC indices
under the diagnostic value of HbA1c of 6.5% is not
known yet nor the degree of severity of anemia. RDW
measures the heterogeneity of the volume of RBCs (variation in cells size) that may help to differentiate between some types of anemia [21]. In our study, the anemia participants recruited showed a significant positive
correlation between HbA1c differences of Tosoh G8
and Sebia Cap 2FP and RDW-CV.
There are many pathological conditions other than hyperglycemia that can interfere with HbA1c values. A
low level of HbA1c may be seen in conditions that
shorten the lifespan of RBCs, irrespective of the method
of the assay used. Anemia can increase the turnover of
RBCs and lower HbA1c values due to blood loss, hemolysis, hemoglobinopathies, and red blood cell disor-
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Figure 2. Comparison between the results of HbA1c obtained with Tosoh G8 and Sebia Cap 2FP in (A) (B) Hb ≤ 8 g/dL (n =
161), (C) (D) Hb > 8 g/dL (n = 146), (E) (F) RDW-CV ≤ 13.7% (n = 81) and (G) (H) RDW-CV > 13.7% (n = 226) subgroups. (A)
(C) (E) (G) Correlation plot with linear regression line (r = 0.957, p < 0.0001; r = 0.957, p < 0.0001; r = 0.962, p < 0.0001; r =
0.953, p < 0.0001; respectively). (B) (D) (F) (H) Bland-Altman difference plot comparing HbA1c results between two analyzers.
The dashed lines show the mean and the mean difference ± 1.96SD.
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ders [22]. In contrast, chronic anemia caused by iron deficiency and nutritional defect would increase erythrocyte survival time and decreased RBC volume and hemoglobin level [23,24]. We demonstrated that the detection difference between the two methods may be related to RBC indices. Except for RDW-CV, when other
RBC indices are below the cut-off value, the HbA1c
differences between the two methods were increased. In
other words, low levels of Hb, MCV, Hct, MCH, and
MCHC and high RDW-CV may also make the HbA1c
measurement more unstable. When Hb ≤ 8 dL or RDWCV ≥ 13.7%, the difference of HbA1c value between
Tosoh G8 and Sebia Cap 2FPs methods were significantly different. Therefore, we suggest that Hb ≤ 8 dL
or RDW-CV ≥ 13.7%, HbA1c should be analyzed by
two kinds of principle machines. It can prevent false
bias. Therefore, to check the reliability and comparability among commonly used analyzers have become important.
In conclusion, our results demonstrated HbA1c from
capillary electrophoresis and HPLC methods were significantly different in the patients with low Hb cut-off
(≤ 8 g/dL) and high RDW-CV (≥ 13.7%). It is thus suggested that in the interpretation of HbA1c in patients
with anemia, simultaneous testing for RBC parameters
is needed, and development of a new reference value of
HBA1c for patients with severe anemia should be considered.
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