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HbA1c of 51% in a 56-Year-Old Female with Axial Spondylarthritis
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Questions to Consider

1. What are common known hemoglobin variants?

2. Which laboratory methods can be used to separate the differ-
ent hemoglobin fractions?

3. Are there alternatives to Hbalc in long-term glucose moni-
toring?

Case Description

Hence, we present a falsely elevated HbAlc in a 56-year-old
female patient. The patient presented to the rheu-matology out-
patient clinic because of a known axial spondylarthritis. When
screening for comorbidities, rou-tine diagnostics showed an
implausibly elevated HbAlc of 51.1% whereas fasting blood
glucose level and fructosamine were reported within the refer-
ence range. The remaining laboratory results are largely unre-
mark-able.

Determination of HbAlc in EDTA blood was performed using
high-performance liquid chromatography with a porous cation
exchange column (Figure 1).

Diagnostics were extended by hemoglobin electrophoresis
(HYDRASYS 2, Sebia, Lisses, France) and hemo-globin vari-
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Figure 1: HbAlc analysis with HPLC: The chromatogram
shows an abnormal hemoglobin of 51.1% which falls within
the measurment range of HbAlc.

ant analysis by high pressure liquid chromatography (HPLC
TOSOH G8).

Electrophoretic separation of hemoglobin is performed with
the hemolysate of washed erythrocytes on agarose gels in al-
kaline (pH 8.5) and acidic (pH 6.0) environments. The hemo-
globins are separated and stained with amido black staining
solution. Based on the principle of high-performance liquid
chromatography (HPLC), the analyzer uses a cation exchange
column to separate the hemoglobin components by different
ion interactions. The different hemoglobin components, in-
cluding hemoglobin F and A2, are separated rapidly (6.0 min
per sample). A combination of step gradient and linear gradient
with three different salt concentrations (G8 f-Thalassemia Elu-
tion Buffer) is used for separation.

Analysis of hemoglobin variants by HPLC shows an abnormal
band in the range between 1.51 min and 2.3 1min, but no evi-
dence is found for the presence of any of the common hemo-
globin variants (HbS, HbC, HbD, HbE). In Hb electrophoresis,
in addition to HbA in the acidic environment, a distinct band
was detected in the HbF region. In the alkaline milieu, no addi-
tional abnormal band was detected (Figure 2). However, HbF
cannot explain the additional band due to a different running
behaviour in the HPLC-based variant analysis.

After the patient gave informed consent for DNA analysis, se-
quencing and copy number analysis of the HBA1, HBA2 and
HBB genes was performed and revealed a benign heterozy-
gous variant (c.8A>T, p.His3Leu, Hb Graz) in the HBB gene.
This very rare missense variant causes an amino acid exchange
that does not affect the function of the beta globin chain, but
leads to a deviating migration pattern in Hb electrophoresis and
in the HPLC-based measurement of HbAlc.

Discussion

HbAlc is a widely used diagnostic marker for the long-term as-
sessment of glycemic control in patients with diabetes mellitus
[1]. It reflects the average blood glucose levels over a period
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Figure 2: Hb Electrophoresis: the patient is found on lane 4, the controls on lane 1/2 and 6/7, and two normal
patients on lane 3 and 5. (A) Hb Electrophoresis in alkaline milieu shows no additional bands.
(B) Hb Electrophoresis in acidic milieu shows an abnormal hemoglobin band in the region of HbF.

of approximately three months. HbAlc measurement is based
on the glycation of the N-terminal valine residue in the B chain
of hemoglobin [2]. Hemoglobin A1 is the primary hemoglobin
component in human red blood cell hemolysate, accounting for
90% of the total protein. In addition, there are several minor
hemoglobin variants (HbA2, HbF, HbAlal, Ala2, Alb, and
Alc) that can be determined by HPLC.

However, it is important to recognize that certain hemoglo-
bin variants can interfere with the accurate meas-urement of
HbAlc, leading to potentially incorrect results.

Hemoglobin variants are caused by genetic alterations that af-
fect the structure and/or function of the hemoglo-bin molecule.
Over 1,200 variants of hemoglobin have been identified, with
the B-chain being involved in ap-proximately 70% of cases [3].
While most variants are rare, some, such as HbS, HbC, HbD
and HbE are rela-tively common in certain populations [4].

The presence of hemoglobin variants can be challenging for
accurate quantification of HbAlc levels. These variants can
affect the glycation process, alter the stability of HbAlc, or
interfere with the methodologies used in its measurement. As
a result, individuals with certain hemoglobin variants may ex-
hibit falsely elevated or decreased HbAlc values, leading to
potential misdiagnosis or inappropriate management of diabe-
tes mellitus.

In this context, the determination of fructosamine in plasma
may be an alternative to HbA 1¢ measurement in patients with
hemoglobinopathies.

In this case the identified heterozygous missense mutation in
the HBB gene (c.8 A>T, p.His3Leu) leads to the production of
a variant beta globin chain called Hb Graz, which was initially
discovered in 1993 in four related patients and their families
in Austria [5]. Due to the scarcity of this hemoglobin variant,
there are no data on the prevalence of Hb Graz. This benign
Hb variant interferes with the HPLC based measurement of
HbAlc and results in a falsely elevated HbA1c value.

To ensure accurate HbAlc measurement in the presence of
hemoglobin variants, it is essential to identify and character-
ize these variants through specialized laboratory techniques.
Hemoglobin electrophoresis and high-performance liquid
chromatography (HPLC) are commonly employed methods to
detect and differentiate vari-ous hemoglobin variants [6]. Ad-
ditionally, genetic analysis of the individual hemoglobin genes
can provide valuable insights into the specific hemoglobin
gene mutations responsible for the observed interference.

In addition to the common variants HbS, C, E, and D, some
rare hemoglobin variants are described in the liter-ature that
have a similar effect on the measurement of glycosylated
HbAlc [7,8].

It is essential to recognize these hemoglobin variants in order
to avoid a misdiagnosis and consequent damage to the patient.
Laboratorians should be aware of their method's limitations
and clinicians should question la-boratory results that do not fit
the clinical picture of the patient.

Points to Remember

e Over 1,200 hemoglobin variants exist, with some, like
HbS, C, D, and E, being relatively common in certain
populations.

*  Hemoglobin variants can interfere with the glycation pro-
cess and measurement methodologies, potentially leading
to falsely elevated or decreased HbA 1c values.

*  Hemoglobin electrophoresis and HPLC are used to detect
and differentiate hemoglobin variants, and genetic analy-
sis can provide insights into specific mutations causing
interference.

*  Some rare hemoglobin variants also affect HbAlc mea-
surements, making it essential for healthcare professionals
to be aware of these variants to avoid misdiagnosis.

e Clinicians should question laboratory results that do not
align with the patient's clinical condition, especially in
cases involving known or suspected hemoglobin variants.
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