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Abstract

Glycohemoglobin (GHb) most accurately reflects the previous two to three months of glycemic
control. According to the American Diabetes Association, GHb should be measured regularly in all pa-
tients with diabetes, and values should be maintained below 7% to prevent the risk of chronic compli-
cations. Herein, we report a case of a 71-year-old type 2 diabetic female patient with extraordinary low
HbA1c values. The hemoglobin electrophoresis identified the existence of Hemoglobin (Hb) variant -
Hb J. Our case study emphasized that clinical laboratories should be aware of limitations of their HbA1c
assay methods as well as the importance of visual inspection of ion exchange chromatograms to de-
tect abnormalities caused by Hb variants.  ( J Intern Med Taiwan 2007; 18: 45-50 )
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Introduction
Glycohemoglobin (GHb), measured as HbA1c,

is an invaluable tool for monitoring long-term

glycemic control, and as such it is a key issue in dia-

betes care. According to the American Diabetes

Association, GHb should be measured regularly in all

patients with diabetes, and values should be main-



tained below 7% to prevent the risk of chronic com-

plications1. Glycated hemoglobin (Hb) is the result of

irreversible nonenzymatic glycation at one or both N-

terminal valines of the Hb chain2. This irreversible

non-enzymatic reaction between glucose and Hb A,

the main type of Hb in normal adults, occurs during

the life span of the erythrocyte. The total amount de-

pends on the average glucose concentrations in two

to three months before the measurement3.

Although several methods based on different

principles (high performance liquid chromatography

(HPLC), immunoagglutination, boronate affinity as-

says, and electrophoresis) have been developed, the

designated DCCT comparison method is a cation ex-

change HPLC (Diamat; Bio-Rad, Richmond,

California, USA)4. In addition, structural variants and

chemical derivatives of Hb may interfere with many

methods. In such populations with Hb variants, mis-

leadingly high or low GHb values have been identi-

fied by some methods, but not by the others. Among

these, the influence is thought to be greater when ion

exchange HPLC is used 5,6.

More than 700 characterized Hb variants have

been reported 7. Most mutations in the globin genes

of Hb are a single base-pair change in the DNA code

resulting in an amino acid substitution 7. The majori-

ty arise from point mutations in the , , , or

Hb chains7. The widespread measurement of GHb has

identified new variants, many of which produce no

phenotypic abnormalities 7.

Herein, we report one diabetic patient present-

ed with a very low value of HbA1c. The Hb elec-

trophoresis identified the presence of the Hb variant

-- Hb J.

Case Report
A 71-year-old female, who had had type 2 dia-

betes for about 23 years, was receiving regular treat-

ment in the outpatient department (OPD) of Division

of Endocrinology and Metabolism in Kaohsiung

Veterans General hospital for many years. The oral

antidiabetic drugs currently being taken by the pa-

tient included Repaglinide, Metformin and Rosigli-

tazone. However, her fasting sugar was not constant-

ly maintained, with the values ranging from 142

mg/dl to 304 mg/dl. In addition, the HbA1c values

were not comparable and fluctuated from 3.2% to

7.4%. After loss of follow-up for three months, she

visited the OPD again. Low fasting sugar (74 mg/dl)

combined with a surprisingly low HbA1c value

(0.8%) were found. The renal function was normal

(serum creatinine 1.3 mg/dl). The patient was not ane-

mic (Hb 14.1 g/dl), nor was she alcoholic.

HbA1c values were measured by the ion-ex-

change HPLC methods (HLC-723 GHb V A1c 2.2,

Tosoh Corporation, Tokyo, Japan) in the Division of

Endocrinology and Metabolism of Kaohsiung

Veterans General hospital. As can be seen in the

standard GHb report by ion exchange chromatograms
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Fig.1.The standard ion exchange chromatogram de-
tected by HLC-723 GHb V A1c 2.2. There were
several peaks including A1a, A1b, F, Labile (L)
A1c, Stable (S) A1c, and A0. HbA1c is expressed
as the percentage of SA1c among total Hb.



shown in figure 1, there were several peaks includ-

ing HbA1a, HbA1b, HbF, Labile (L) HbA1c, Stable

(S) HbA1c, and HbA0. HbA1c is expressed as the

percentage of stable HbA1c among total Hb. In a nor-

mal healthy subject, the separation of each peak

should be clear. In the appearance of extraordinary

peaks, the non-separation of each peak, or the HbF

larger than 2%, the values of HbA1c can be misesti-

mated. Hemoglobinopathy should be considered for

these patients. After inspecting the ion exchange

chromatograms of the patient's GHb report, we found

the occurrence of additional peaks (P00 and P01)

(Fig. 2). Therefore, Hb electrophoresis was per-
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Fig.2.The patient's ion exchange chromatograms de-
tected by HLC-723 GHb V A1c 2.2. Additional
peaks (P00 and P01) were found in the chro-
matogram. A. HbA1c 3.2%; B. HbA1c 0.8%.

Fig.3.The hemoglobin J, one of the hemoglobin variants,
was identified by A.cellulose electrophoresis;
B.capillary electrophoresis.



formed to detect the existence of Hb variant. As we

predicted, a Hb variant -- Hb J was identified by cel-

lulose and capillary electrophoresis (Fig. 3).

Discussion
In normal adults, Hb consists of ~ 97% HbA,

2.5% HbA2, and 0.5% HbF 8. Fractionation of HbA

by chromatography identifies several minor peaks

referred to as HbA1, or fast Hbs, which include the

glycated forms HbA1a, HbA1b, and HbA1c 8. These

fast Hbs form as the result of a two-step reaction. In

the first step, a reversible reaction between the free

aldehyde group of glucose or other sugars and non-

protonated free amino groups on the Hb molecule

forms a Schiff base. This reversible reaction is fol-

lowed by an irreversible, nonenzymatic Amadori re-

arrangement that produces GHb 8. The glycation al-

ters the structure of the Hb molecule and decreases

its net positive charge. Many forms of testing use one

or both differences to separate GHb from nonglycat-

ed Hbs.

The N-terminal valine of the chain provides

the most common site of glycation within the Hb

tetramer, accounting for 80% of HbA1 8. The

International Federation of Clinical Chemistry and

Laboratory Medicine (IFCC) defines HbA1c as Hb

that is irreversibly glycated at one or both N terminal

valines of the chains. The remaining GHbs contain

glucose, glucose-6-phosphate, fructose-1,6-diphos-

phate, or pyruvic acid bound to 1 of 44 additional sites

occurring at -amino groups of lysine residues or at

the NH2 terminus of the chain 8. Although all com-

mercially available methods include HbA1c in GHb

measurements, they vary in their ability to detect non-

A1c GHb.

Depending on the determination method, the

concentration of HbA1c is approximately 4-6% in

healthy patients without diabetes. Glycated Hb most

accurately reflects the previous two to three months

of glycemic control. In clinical practice, the mea-

surement of HbA1c is required every three months to

determine whether the patient's metabolic control has

remained steady within the target range.

However, the presence of Hb variants may false-

ly produce low values for HbA1c or spuriously in-

creased HbA1c values. The identification of Hb vari-

ants is, therefore, important to avoid inaccurate GHb

results. In addition, several other factors besides the

presence of genetic variants or chemically modified

derivatives of Hb 6, such as drugs, anemia, uremia,

and alcoholism, may falsely lower GHb results.

Decreased red blood cell survival and mean erythro-

cyte age falsely lower GHb values 6. Blood loss,

hemolytic anemia, sickle cell anemia, and chronic re-

nal disease affect the life span of red blood cells and

are known to be associated with underestimated GHb

values 5. In contrast, iron and B12 vitamin deficiency

have been reported to overestimate GHb results 9.

The National Glycohemoglobin Standardization

Program (NGSP) evaluates and certifies methods on

the basis of specific precision and bias criteria.

However, samples with variant Hbs and other known

interferences are excluded from certification testing,

and there are no specific guidelines for comparabili-

ty of results from samples containing Hb variants.

Nevertheless, interference caused by Hb variants

needs to be evaluated for each HbA1c method.

There are more than 30 different GHb assay

methods available, but the majority of HbA1c mea-

surements are performed by ion-exchange HPLC or

immunoassay. An advantage of most ion exchange

HPLC methods is that they allow detection of most

Hb variants present 10. In contrast, the enzymatic

method, boronate affinity and immunoassay methods

do not allow recognition of a variant Hb.

In general, a Hb variant can be suspected in pa-

tients with HbA1c results >15%, HbA1c measure-

ments below the nondiabetic reference range, or when

the HbA1c result varies substantially from other in-

dices of metabolic control and/or clinical impression.

With the ion-exchange HPLC methods, clinical

silent Hb variants may cause additional peaks in chro-
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matograms resulting in false or no HbA1c value. Late

migrating Hb variants may not be detected in a chro-

matogram, as demonstrated with the Tosoh ion ex-

change HPLC method HLC-723, but could still in-

terfere to cause falsely low HbA1c results.

The influence of Hb variants on GHb determi-

nation is great when using ion exchange HPLC.

Therefore, if an erroneous result is caused by Hb vari-

ants, affinity chromatography may provide a more ac-

curate measure of HbA1c. Furthermore, fructosamine

could be used as a comparison because nonenzymat-

ic glycation of serum proteins, mainly albumin,

should not be influenced by Hb variants. Unfortu-

nately, neither affinity chromatography nor fruc-

tosamine was available in Kaohsiung Veterans

General hospital. Hence, a lower target HbA1c range

should be re-established in this patient for long-term

monitoring glycemic control.

It is essential that clinical laboratories be aware

of the limitations of their HbA1c assay methods as

well as the importance of visual inspection of ion ex-

change chromatograms to detect abnormalities (ex-

traordinary peaks or non-separation of each peak)

caused by Hb variants. The samples of patients with

suspected Hb variants should be analyzed by a

method based on a different assay principle, prefer-

ably a boronate affinity HPLC. These results also un-

derline the need for additional investigations of in-

terference caused by Hb variants in all newly deve-

loped HbA1c assays.
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