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Abstract

Background: The potential effect of increase in hemoglobin 
(Hb) A2 and HbF on glycated hemoglobin (HbA1c) meas-
urements were investigated using a high-performance 
liquid chromatography (HPLC) method compared with an 
immunoturbimetric assay.
Methods: Samples producing abnormal chromatograms 
during the measurement of routine HbA1c testing with 
HPLC were further analyzed to characterize abnormal 
Hb variants. Patients were divided into three groups that 
had only high HbF (group 1), only high HbA2 (group 2), 
and both high HbA2 and HbF (group 3). HbA1c values of 
patients were re-assayed using the immunoturbidimetric 
method (Advia, Siemens Healthcare, Germany).
Results: HbA1c levels were significantly higher in all groups 
measured by immunoassay than in HPLC. We found a pos-
itive correlation between HPLC and immunoturbidimetry 
in the group 2 and a slight correlation in the group 1. There 
was no correlation between the two methods in group 3.
Conclusions: HbA1c measurement by HPLC method inter-
fering with elevated HbA2 and HbF, especially HbF, should 
be verified by an immunoturbidimetric method.

Keywords: HbA1c; HbA2; HbF; HPLC; hemoglobin variant; 
immunoassay.

Introduction

A normal hemoglobin molecule is composed of two dissimi-
lar pairs of polypeptide chains (alpha and non-alpha) called 
globins. The combination of two alpha chains and two non-
alpha chains determines the hemoglobin type. Hemoglobin 
(Hb) A (a2β2) is the major Hb in adult persons, accounting for 
more than 96% of total Hb. The small part of total Hb con-
stitutes HbA2 (a2δ2) and fetal Hb (HbF) (α2γ2) that do not have 
β-globin chain. The problems in β-globin chain production, 
the production of δ-globin and γ-globins may be increased, 
resulting in higher levels of HbA2 and HbF. Higher levels of 
HbA2 and HbF are biological markers for the β-thalassemia 
[1]. Carriers of β-thalassemia according to World Health 
Organization estimates are approximately 1%–5% of the 
world’s population [2]. Also, they are a very common patient 
group in Turkey, because it originated in the Mediterranean 
and in the Middle East [3]. In addition, increases in HbF can 
be observed in some conditions such as hereditary persis-
tence of fetal Hb and some drug treatments [4, 5].

Glycated hemoglobin (HbA1c) is a marker to be cor-
related with complications of diabetes mellitus (DM). 
It has been recommended for diagnosing DM as well as 
for specific treatment goals in this disease [6]. Therefore, 
accurate measurement of HbA1c is needed. The reference 
method for the measurement of HbA1c is an ion-exchange 
high-performance liquid chromatography (HPLC) accord-
ing to the Diabetes Control and Complications Trial [7]. 
HbA1c measurements can be adversely affected by condi-
tions that disrupt the Hb composition [8]. Although there 
are many reports in the literature showing that Hb variant 
affects the accuracy of methods for HbA1c measurement 
[8, 9]. HbA1c values measured in patients with only HbA2 
and HbF abnormality were few [10, 11]. HbA2 is co-eluted 
with Hb A0, therefore in the case of β-thalassemia carri-
ers, the amount of HbA2 may affect the elution profile of 
HbA1c. Even though HbF fraction is eluted a little faster, 
it is difficult to separate from the HbA1c peak in the case 
of highly enhanced HbF concentrations. Therefore, we 
investigated the potential effect of changes in HbA2 and 
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HbF on HbA1c measurements by HPLC using the immuno-
turbidimetric assay as the comparative method.

Materials and methods
The study population consisted of 124 individuals admit-
ted to the Biochemistry Laboratory of Zonguldak Bulent 
Ecevit University between 2013 and 2014 years. This study 
was approved by the Ethics Committee of the University 
of Zonguldak Bulent Ecevit University. The samples were 
selected from patients who showed a hemoglobin variant 
during the measurement of routine HbA1c testing. All 
analyses were performed on a single whole-blood sample 
taken into an ethylenediaminetetraacetic acid (EDTA) 
tube. The samples were stored at 4 °C or −70 °C and ana-
lyzed within 5 days of the blood being drawn.

HbA1c was assayed by ion-exchange HPLC (Spectra 
System, Thermo Scientific, Boston, MA, USA) using the 
commercially available kit ClinRep (Recipe Chemicals – 
Instruments GmbH, Munich, Germany) according to the 
manufacturer’s instructions. Calibration of instruments 
was done according to the manufacturer’s instructions. The 
method is linear over the whole range of physiologically rel-
evant HbA1c values (3–16% HbA1c). The presence of abnormal 
patterns on the chromatograms were cross-checked using by 
ClinRep hemoglobin variant and β-thalassemia screening kit 
(Recipe Chemicals – Instruments GmbH, Munich, Germany) 
on same HPLC analyzer. Patients were identified accord-
ing elevated HbA2 (>3.5%) and/or HbF (>2%) and divided 
into three groups (Figure 1). HbA1c values of groups were 
re-assayed by immunoturbidimetric method using manufac-
turer kit on an ADVIA 2400 analyzer (Siemens Healthcare, 
Erlangen, Germany). HbA1c values are reported with both 
the National Glycohemoglobin Standardization Program 
(NGSP) (%) and International Federation of Clinical Chemis-
try (IFCC) (mmol/mol) units. In this article, HbA1c results will 
be reported in percentage of HbA1c units. Conversion of HbA1c 
units is by the following equation [7]:

1c 1cHbA mmol / mol [HbA % 2.15]/( ) 9( ) 0.0 2= −

The intra- and inter-assay coefficient of variation (CV) 
values in determination of HbA1c by HPLC were 1–2% and 
2–3%, respectively. The intra- and the inter-assay CVs for 
the immunoturbidimetric method were 2.2% and 2.6%, 
respectively.

Statistical analyses

All statistical analysis were performed using SPSS 12.0 
for Windows (Microsoft, Seattle, WA, USA), except the 

Passing-Bablok regression analysis which was performed 
using Medcalc Software version 12. Statistical analysis 
was evaluated using nonparametric techniques. Inter-
group comparisons of HbF and HbA2 levels were ana-
lyzed by employing the Kruskal-Wallis nonparametric 
test, followed by post hoc group comparisons with the 
Bonferroni-adjusted Mann-Whitney U-test. Regarding 
the Bonferroni correction, α = 0.05/3 = 0.016  was taken 
to be statistically significant. HbA1c values were com-
pared using Wilcoxon signed-rank test between the two 
methods. We used Spearman’s correlation coefficient and 
Passing and Bablok regression analysis for method corre-
lation. p-Values of less than 0.05 were considered statisti-
cally significant.

Results
The present study was carried out among 124  subjects 
and categorized into three groups based on their hemo-
globin variant analysis. The mean ± standard deviation 
(SD) HbA2 levels were significantly higher in the group 2 
(4.8 + 0.5%) and 3 (4.7 ± 0.5%) than the group 1 (2.1 ± 0.5%) 
(p < 0.016). HbF levels were significantly higher in the 
group 1 (4.2 ± 2.3%) and 3 (4.3 ± 2.2%) compared with 

HbA1c measurement by
cation-exchange HPLC

Presence of abnormal patterns
on the chromotograms

Hb variant analysis
by HPLC

Only elevated HbF:
group 1 (n = 26)

Only elevated HbA2:
group 2 (n = 62)

Elevated HbF and HbA2:
group 3 (n = 36)

Control HbA1c

by immunoassay

Figure 1: Flowchart demonstrating the procedure of the study.
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the group 2 (1.0 ± 0.5%) (p < 0.016). The differences of the 
HbA1c levels between HPLC and immunoturbidimetry for 
each group are shown in the Table 1. HbA1c concentrations 
in all groups were showed lower results in HPLC methods 
compared to immunoturbidimetry (p < 0.05).

With Passing and Bablok regression analysis, group 
1 (Figure 2A) yielded the equation of y = 1.11 × (95% CI, 
0.67–2.27)–2.64 (95% CI, −9.1 to −0.11); group 2 (Figure 2B) 
yielded the equation of y = 1.46 × (95% CI, 1.11–1.94) – 3.31 
(95% CI, −6.03 to −1.36); group 3 (Figure 2C) yielded the 
equation of y = 1.62 × (95% CI, 0.79–3.11) – 4.18 (95% CI, 
−11.6 to −0.05). Calculation of Spearman’s correlation coef-
ficient showed a positive correlation (r = 0.49, p < 0.0001) 
between the two methods in the group 2. A slight correla-
tion (r = 0.38, p = 0.06) in the group 1 and no correlation 
(r = 0.04, p = 0.78) in the group 3  was observed between 
two methods.

Discussion
HbA1c is glycated hemoglobin in which glucose is bound 
specifically to the N-terminal valine residue of one or both 
beta chains of hemoglobin via a nonenzymatic process. 
It reflects the mean glycemic level in the lifespan of the 
erythrocyte. The Diabetes Control and Complications Trial 
showed that a reduction of 1% HbA1c corresponded to an 
approximate 30% reduction in the risk of diabetes compli-
cations [12].

Hemoglobin variants may interfere with the HbA1c 
result in three ways; by decreasing the life span of red 
blood cells, by influencing the binding of glucose to Hb 
and by affecting the net charge of the hemoglobin [8, 13]. 
Ion-exchange HPLC separates Hb species based on charge 
differences, while immunoassay methods use antibodies 

that recognize the N-terminal glycated amino acids in the 
first four to 10 amino acids of the β-globin chain of the 
hemoglobin. In our study, we demonstrated that elevated 

Table 1: Differences of HbA1c levels measured by HPLC and 
immunoassay for each group with different Hb variant.

Groups  
 

HbA1c, %

HPLC  Immunoassay  p-Value

Group 1 (high HbF)  
(n = 26)

  4.3 ± 1.4 
(2.3–8.4)

  6.1 ± 1.8 
(4.0–12.7)

  <0.05

Group 2 (high HbA2)  
(n = 62)

  4.8 ± 1.1 
(2.7–9.7)

  5.7 ± 0.9 
(4.4–10.1)

  <0.05

Group 3 (high HbA2 and HbF) 
(n = 36)

  3.9 ± 0.9 
(2.1–5.9)

  5.3 ± 0.7 
(3.9–6.9)

  <0.05

Data are expressed as mean ± SD (range: minimum–maximum).
HbA1c, glycated hemoglobin; HPLC, high-performance liquid 
chromatography; SD, standard deviation.

Figure 2: Spearman’s correlations coefficients of 2A, 2B and 2C, 
respectively (r = 0.38, p = 0.06; r = 0.49, p < 0.0001; r = 0.04, p = 0.78).
Passing-Bablok regression analysis of HbA1c results obtained with the 
HPLC compared with immunoassay method in group 1 (A), 2 (B) and 3 (C).
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HbA2 and/or HbF can affect determination of HbA1c by our 
HPLC method and might result in falsely lower HbA1c con-
centrations. Analytic interference of immunoturbidimet-
ric methods is extremely low in heterozygous Hb variant 
conditions in which the red blood cell lifespan may be 
normal [14]. However, they do not provide any informa-
tion about the proportions of the different Hb fractions. 
Most ion exchange chromatography techniques separate 
HbF and Hb A2 from HbA1c and this can be a very precious 
information on medically silent patients [15]. Routine 
inspection of chromatograms allowed us to identify the 
presence of HbF and HbA2, although it could not be pre-
sented in this paper.

In conclusion, chromatograms must be carefully 
examined to identify possible interference in HbA1c 
measurement using HPLC. HbA1c measurement by HPLC 
method interfering with elevated HbA2 and HbF, espe-
cially HbF, should be verified by an immunoturbidimetric 
method.

Author contributions: All the authors have accepted 
responsibility for the entire content of this submitted 
manuscript and approved submission.
Research funding: None declared.
Employment or leadership: None declared.
Honorarium: None declared.
Competing interests: The funding organization(s) played 
no role in the study design; in the collection, analysis, and 
interpretation of data; in the writing of the report; or in the 
decision to submit the report for publication.

References
1.	 Rund D, Rachmilewitz E. Beta-thalassemia. N Engl J Med 

2005;353:1135–46.
2.	 Higgs DR, Engel JD. Stamatoyannopoulos G. Thalassaemia. Lancet 

2012;379:373–83.

3.	 Canatan D. Thalassemias and hemoglobinopathies in Turkey. 
Hemoglobin 2014;38:305–7.

4.	Bain BJ, editor. Haemoglobinopathy diagnosis, 2nd ed. Malden, 
MA: Blackwell Publishing, Inc., 2006:210.

5.	 Charache S, Dover GJ, Smith K, Talbot Jr CC, Moyer M, Boyer 
S. Treatment of sickle cell anemia with 5-azacytidine results 
in increased fetal hemoglobin production and is associ-
ated with nonrandom hypomethylation of DNA around the 
gamma-delta-beta-globin gene complex. Proc Natl Acad Sci 
1983;80:4842–6.

6.	American Diabetes Association. Diagnosis and classification of 
diabetes mellitus. Diabetes Care 2012;35(Suppl 1):S66–71.

7.	 Hoelzel W, Weykamp C, Jeppsson JO, Miedema K, Barr JR, 
Goodall I, et al. IFCC reference system for measurement of hemo-
globin A1c in human blood and the national standardization 
schemes in the United States, Japan, and Sweden: a method-
comparison study. Clin Chem 2004;50:166–74.

8.	Little RR, Roberts WL. A review of variant hemoglobins interfer-
ing with hemoglobin A1c measurement. J Diabetes Sci Technol 
2009;3:446–51.

9.	Lin CN, Emery TJ, Little RR, Hanson SE, Rohlfing CL, Jaisson S, 
et al. Effects of haemoglobin C,D,E, and S traits on measure-
ments of HbA1c by six methods. Clin Chim Acta 2012;413:819–21.

10.	 Little RR, Rohlfing CL, Hanson SE, Schmidt RL, Lin CN, Madsen 
RW, Roberts WL. The effect of increased fetal hemoglobin on 7 
common Hb A1c assay methods. Clin Chem 2012;58:945–7.

11.	 Nasir NM, Thevarajah M, Yean CY. Hemoglobin variants detected 
by hemoglobin A1c (HbA1c) analysis and the effects on HbA1c 
measurements. Int J Diabetes Dev Ctries 2010;30:86–90.

12.	 The Diabetes Control and Complications Trial Research Group. 
The effect of intensive treatment of diabetes on the development 
and progression of long-term complications in insulin-depend-
ent diabetes mellitus. N Engl J Med 1993;329:977–86.

13.	 Sacks DB, Arnold M, Bakris GL, Bruns DE, Horvath AR, Kirk-
man MS, et al. Guidelines and recommendations for laboratory 
analysis in the diagnosis and management of diabetes mellitus. 
Clin Chem 2011;57:e1–47.

14.	 Rhea JM, Koch D, Ritchie J, Singh HV, Young AN, Burgess T, et al. 
Unintended reportingof misleading Hb A1c values when using 
assays incapable of detecting hemoglobin variants. Arch Pathol 
Lab Med 2013;137:1788–91.

15.	 Khuu HM, Robinson CA, Goolsby K, Hardy RW, Konrad RJ. 
Evaluation of a fully automated high-performance liquid 
chromatography assay for hemoglobin A1c. Arch Pathol Lab Med 
1999;123:763–7.


