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Abstract

The level of glycated hemoglobin Alc (HbAlc) is widely used to monitor long-term glycemic control in patients with diabetes
mellitus. There are more than 30 methods for measuring HbA 1c levels. In recent times, high-performance liquid chromatog-
raphy (HPLC) has become the most commonly used method in Japan. However, HPLC-based HbA1c level measurements
do not accurately reflect glycemic control in the presence of Hb variants. We report the case of a patient with type 2 diabetes
mellitus, who was incidentally found to having an extremely rare Hb variant. A 69-year-old Japanese female visited our clinic
and was diagnosed with diabetes mellitus. Her HbAlc level, which was measured using HPLC at our clinic, could not be
determined. DNA sequencing revealed a heterozygous mutation in the ol globin gene (HBA1: c.301C>T, p.Leul01Phe).
Hb Weesp was detected. Many Hb variants have been reported; however, to the best of our knowledge, this is only the second
report about Hb Weesp in the world and the first from Japan. Clinicians should consider the possibility of Hb variants in

cases in which abnormal elution patterns are detected during the measurement of HbAlc using HPLC.
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Introduction

The glycated hemoglobin Alc (HbAlc) level is indispen-
sable for diagnosing, treating, and monitoring patients with
diabetes mellitus. It reflects the previous 8—12 weeks of gly-
cemic control [1]. There are several methods for measuring
HbAc levels, including ion-exchange high-performance
liquid chromatography (HPLC), boronate-affinity HPLC,
immunoassays, and enzyme-based assays. lon-exchange
HPLC is the most commonly used method for measuring
HbA 1c levels because it is fast, accurate, and reliable [2].
According to the guidelines developed by the American
Diabetes Association in 2009, diabetes mellitus should be
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diagnosed based on HbAlc level measurements [3]. How-
ever, there are several technical issues that can interfere with
HbA 1c assays. Hemoglobin (Hb) variants are one such fac-
tor. About 20% of patients with Hb variants exhibit clini-
cal symptoms, such as polycythemia, hemolytic anemia,
or methemoglobinemia. On the other hand, the other 80%
display no clinical symptoms [4].

Recently, there have been a number of cases in which
Hb variants have been incidentally detected when patients
with diabetes mellitus had their HbAlc levels measured.
Here, we report the case of a patient with type 2 diabetes
mellitus, who was incidentally found to have an extremely
rare Hb variant.

Case

A 69-year-old Japanese female with a 2-year history of type
2 diabetes mellitus visited our clinic. She had been diag-
nosed with diabetes mellitus by a previous physician, but
had not been treated for a few months. She had lost 6 kg
of weight (69 kg — 63 kg) during the last 2 months and
visited our clinic to achieve glycemic control. She did not
have a family history of diabetes. A physical examination
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showed that her body mass index was 31.1 kg/m?, and her
blood pressure was 156/100 mmHg. Blood tests revealed
the following results: white blood cell count: 5100/mm?,
Hb: 15.2 mg/dl, platelets: 46.6 x 10*/mm?, fasting blood
glucose: 136 mg/dl, HbAlc: n.d. (ADAMS Alc HA-8160
analyzer, ver. 4.05; Arkray, Kyoto, Japan). An abnormal
peak (arrow) was observed before the HbA 1c peak, as shown
in Fig. la. Figure 1b shows the results of high-resolution
ion-exchange HPLC separation of the Hb components in
the patient’s hemolysate. An abnormal peak (arrow), which
was co-eluted with normal Hb(AQ), was detected as a right
“shoulder peak”.

Next, DNA sequencing of the abnormal Hb gene was
performed. Nucleotide sequencing of exon 3 of the al glo-
bin gene revealed a heterozygous mutation (from CTC to
TTC, arrow) at codon 100, as shown in Fig. 2. This mutation
resulted in the replacement of leucine by phenylalanine, and
this form of Hb is known as Hb Weesp [5, 6].

Fig.1 a Elution patterns a
obtained with ion-exchange
HPLC using the HA-8160 ana-
lyzer (ver. 4.05). An abnormal
peak was observed before the
HbA Ic peak (arrow). b Elution
patterns obtained with high-
resolution ion-exchange HPLC.
An abnormal peak, which was
co-eluted with normal Hb(AO),
was detected as a right shoulder
peak (arrow)
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Fig. 2 Identification of the
heterozygotic point mutation.

Discussion

Herein, we report the case of a Japanese patient with type
2 diabetes mellitus, in whom the Hb variant Hb Weesp was
incidentally detected when we measured her HbA1c levels
using the HA-8160 (ver. 4.05) analyzer. There are more
than 30 methods for measuring HbAlc levels [7]. HPLC is
the most commonly used method in Japan. HbAlc is used
as a marker of long-term glycemic control in patients with
diabetes mellitus. We sometimes encounter discrepancies
between HbAlc and blood glucose values. Hb variants
can interfere with HbAlc assays. Therefore, clinicians
should always be aware of the possibility of abnormal Hb
variants.

Hb comprises four polypeptide chains, two a chains
and two P chains. The major form of Hb found in healthy
adults is HbA. Many Hb variants exhibit different elution
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patterns on HPLC. For this reason, HbAlc level measure-
ments are sometimes inaccurate.

Hb Weesp was first reported in the Netherlands in 2014
[5]. To the best of our knowledge, this is only the second
report of Hb Weesp in the world and the first from Japan.
Patients with Hb Weesp exhibit a heterozygous mutation
in the al-globin gene (HBA1: ¢.301C > T, p.Leul01Phe).
This mutation was demonstrated to be clinically silent [6],
and our patient showed no clinical symptoms. Thus, this
al-globin mutation does not result in major changes in the
functionality of the Hb protein.

We analyzed our patient’s blood using the HA-8160 ana-
lyzer (ver. 4.05). However, her HbAlc level could not be
determined due to the presence of abnormal elution patterns.
Therefore, we measured her HbAlc level using a different
machine, an HA-8160 (ver. 4.22), which was reprogrammed
to exclude the abnormal peak, as shown in Fig. la. Using
this machine, her HbAlc value was estimated to be 6.0%
(according to the Japan Diabetes Society method). HbAlc
values are calculated as the ratio of the area of the HbAlc
peak to the total area of all Hb peaks. Inaccurate HbAlc
values can be obtained when Hb variants or their glycated
derivatives cannot be separated from HbA or HbAlc. In
such cases, the Hb variants can be co-eluted with HbA,
as shown in Fig. 1b. If the peak indicated by the arrow in
Fig. 1a was the peak for the glycated Hb variant, the patient’s
HbA1c value might have been underestimated. On the other
hand, if it was not, it is possible that the patient’s HbAlc
value was accurate.

More than 1000 Hb variants have been reported world-
wide [8], and about 200 Hb variants have been reported in
Japan. It is suspected that one in 3000 Japanese have an
Hb variant. The most common Hb variants found in Japan
are Hb J Cape Town (an o chain variant, which accounts
for 6.6% of all Hb variants in Japan) and Hb Riyadh (a
chain variant, 9.2%) [9]. HbAlc levels are now measured by
HPLC in most cases. The HbA1c level has become the most
useful and common marker of glycemic control in patients
without Hb variants. In cases involving patients with Hb
variants, HbAlc levels should be determined using different
methods, or other indicators, such as the glycated albumin
level, should be used.
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