Uncontrolled Fasting Blood Glucose with Inconceivable Glycosylated Hemoglobin
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Introduction
While the glycosylated hemoglobin (HbA1c) is considered a useful tool to
diagnose Type-II diabetes mellitus (T2DM), it must be clinically correlated to
patient-specific characteristics.

Case Presentation
A 42-year-old Bangladeshi woman with family history of T2DM in her
parents, presented with high recordings of fasting blood glucose (FBG)
levels checked casually by her at home using her husband’s glucometer.
She was asymptomatic and had no medical problems and was not on
any medications. Her 4 week FBG readings ranged between 160 and 196
mg/dL. Her body-mas-index was 31.25 Kg/m2 and the rest of the vital
signs and physical examination were within normal limits.
Diagnostic test results were remarkable for FBG 180 mg/dL, HbA1C 6.3%,
and normal TSH, lipids, renal enzymes, liver enzymes, and complete
blood count. Noticing the inconsistency in her HbA1C compared to the
FBS, HbA1C test was repeated after a month and it remained at 6.3%
with FBS of 180 mg/dL. Hemoglobin variant analysis showed HbA low
(72.4%), HbF normal (<1.0%), HbA2 normal (3.3%), and HbE high (24.3%)
confirming a diagnosis of hemoglobin E trait. Considering the limitation
of HbA1C in patients with hemoglobinopathies, serum fructosamine
level was assessed which was elevated at 325 μmol/L. She was
diagnosed as T2DM with HbE trait and managed with calorie restricted
low-carbohydrate diet, 30 minutes of daily exercise and metformin.
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Table 1: Effect of Hemoglobinopathies on A1C
Hemoglobinopathy Mutation

Effect on A1C
***

HbS

α2β2 6(A3)Glu→Val

Falsely higher or
lower.

HbE

α2β2 26(B8)Glu→Lys

Normal or
falsely low.

HbC

α2β2 6(A3)Glu→Lys

Falsely higher or
lower.

HbD

α2β2 121(GH4)Glu→Gln Falsely higher or
lower.

HbF

α2γ2

Falsely lower,
especially when
above 15%.

HbAS

α2β2
α2β2 6(A3)Glu→Val

Possibly falsely
higher.

HbAE

α2β2
α2β2 26(B8)Glu→Lys

Possibly falsely
higher or lower.

HbAC

α2β2
α2β2 6(A3)Glu→Lys

Possibly falsely
higher..

HbAD

α2β2
Possibly falsely
α2β2 121(GH4)Glu→Gln higher or lower.

Discussion
HbA is nonenzymatically and irreversibly glycated with a hexose. HbA1C
is the most common form and a level of >6.5% is considered diagnostic
of DM. However, despite its usefulness in determining average blood
glucose over time, HbA1C is not always accurate, especially in the case of
anemia and hemoglobin variants.
There are over 700 Hb variants. Hemoglobin E occurs when glutamic
acid is substituted by lysine at codon 26 of the B-globin. It is a common
mutation in parts of Asia with the frequency reaching 60% in some
areas of Thailand, Cambodia and Laos. HbE trait has little clinical
significance and may cause microcytosis without anemia, while HbEE
presents with anemia, microcytosis, peripheral blood smears with target
cells and sometimes splenomegaly.
As shown in Table 1, different hemoglobin variants can affect HbA1C in
different ways: by altering the glycation process, causing an abnormal
peak on chromatography, or making RBCs more prone to hemolysis.
There is significant variance among different hemoglobinopathies and
their effect on HbA1C. HbE usually leads to falsely low or normal HbA1C
depending on the laboratory technique used.
In patients where HbA1C does not correlate well with diabetic control,
fructosamine, a result of glycosylation of amino groups of serum
proteins, can be used to measure average blood glucose over the past 23 weeks.

Conclusion
***Variations depend on brand and type of HPLC used.

When HbA1c fails to correlate with FBS, presence of hemoglobin variant
or anemia should be considered. HbE is a common variant among Asian
populations that is usually asymptomatic but may present with
challenges including assessment and long term management of DM.

