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Editorial

Glycohemoglobin (HbAlc) is the N-terminal (1-deoxyfructosyl) valineglycation product of
hemoglobin Hb A .

Hba1c is an Extremely Remarkable Protein

It is produced as a post translational chemical modification (glycation) of a macromolecule
(Hemoglobin) in one tissue (blood), and its clinical usefulness is the control of one single disease
(Diabetes Mellitus).

Moreover, the HbA1c synthesis is not a common one, it is not a biosynthesis

Red cells lack active metabolism, there are neither contributions of membrane pumps nor
enzymes.

The generation of HbA1c proceeds as if was done in an inert environment

There is neither regulating mechanism nor enzymes involved and glycation is governed by the
average plasma glucose concentration during the red cell’s lifespan.

HbAlc measurement provides the most important medium to long-term marker of time-
averaged glycemic status. Its relationship to likely clinical outcome in diabetes mellitus has been
convincingly demonstrated for both Type-I and Type-II in major clinical trials [1, 2].

For over two decades, measurement of HbA1c has been widely used as a mean to retrospectively
evaluate long-term glycemic control in diabetic patients. The International Expert Committee
published a report recommending that Type-2 diabetes be diagnosed when HbA1c 26.5% (48mmol/
mol) [3], and more recently WHO sanctioned HbA1c for diagnosing Type-2 diabetes [4].

In the clinical setting, HbA1c values are regarded as virtually synonymous with glycemic control
despite some ongoing limitations, not only related to methods of measurement. Different factors
can influence the HbA1c synthesis so in certain states (physiologic and pathologic) the accuracy of
glycemic control of individual patients based on HbAlc must be considered [5].

A normal erythrocyte progresses through several stages in the circulation, including a short
period as a reticulocyte, a long periodas a mature RBC, and a terminal, senescent state most probably
of short duration; in physiologic status erythropoiesis and eryptosis are well balanced [6].

Because of the long lifespan of erythrocytes, HbAlc levels reflect average plasma glucose
concentration over a long-term period of time (2-3 months). However, HbAlclevels are not
affected by blood glucose levels alone and every factor affecting the life span of erythrocytes, from
erythropoiesis to eryptosis, can potentially affect the value of HbAlc, modifying the relationship
with mean plasma glucose.

The different conditions are noted strange in daily practice

Including anemia (hemolytic and iron deficiency), hemoglobinopathies, acute and chronic
blood loss, uremia have also been shown to affect HbAlc levels [7]. Hb disorders may invalidate
the results of HbA1c, resulting in missed diagnosis, misdiagnosis or mismanagement of the patient.
The presence of Hb variants is widely considered a potential source of error in HbAlc analysis,
due to analytical, biochemical and biological aspects [8]. The analytical aspect deals with trueness
and precision of the assay. The biochemical aspect deals with the question whether the glycation
rate of variant Hb and HbA  is equal. The biological aspect is the erythrocyte lifespan, lees than
normal for common Hb variants [9]. The influence of iron status and red cell survival are not so
often considered in this way. HbAlc can be considered as a surrogate marker for red cell survival,
sensitive for detection of mild hematologic disorders. Hemolysis becomes evident by the too low
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HbAlc values irrespective to average blood glucose, the severity of
hemolysis running in parallel with shortened survival. Iron deficiency
anemia is the most common anemia around the world [10]. The
influence of iron status on red cells dynamics, survival an eryptosis
has been long ago recognized [11]. Although many forms of anemia
are associated with lowering of HbAlc, iron deficiency has been
shown to shift HbAlc upward independent of fasting glucose level.
HbA1c levels were higher in patients with iron deficiency anemia and
decreased significantly upon treatment with iron [12, 13].

Recently a systematic review on the effect of anemia and RBC
abnormalities on HbA1c analysis [14] was published; the conclusion
is that HbA1c is likely to be affected by iron deficiency and IDA with
a spurious increase in HbAlc values, but the need for more evidence,
especially in identifying the types and degrees of anemia, and iron
deficiency without anemia was stated.

The recognition of the influence of the iron status of patients on
HbAlc levels is crucially important when it is used in diagnosing
diabetes and pre-diabetes state [15], and spurious high prevalence
of pre-diabetes in iron deficient populations has been reported
[16]. This fact supports the notion that iron deficiency contributes
to an increased erythrocyte survival and a falsely elevated HbAlc in
subjects with similar degrees of glycemia.

The exact mechanism through which iron deficiency anemia
affects HbAlc levels still remains unclear, but new methodological
approaches have explained previous concepts. According to
Higgins and Mahadevan [17], the bone marrow production of fewer
reticulocytes in IDA is counterbalanced by delayed clearance of
old red cells by reticulo-endothelial cells; this delay allows body to
maintain an stable total RBC population, an appearance of normality,
although a negative iron balance is appearing.

Form this point of view, higher HbAlc in subjects with iron
deficiency could be a consequence of the relative longer survival of
the previously form erythrocytes, and the increased average age of
circulating red cells leads to elevated HbA1c levels.

Diabetic patients are treated to keep their HbAlc levels below
7.0% (53mmol/mol) as it correlates with random plasma glucose
levels of 7.0mmol/L. This goal is often not achieved and thus treatment
regimen is often changed [18]. It is therefore important to consider
iron deficiency when HbAlc levels do not correlate with clinical
expectations and HbAlc concentrations in diabetic patients with
iron deficiency anemia should be interpreted with caution and the
possibility of a fictitious increment associated with iron deficiency.

This would suggest that primarily people with anemia who are
close to the diagnostic threshold may require retesting or the use
of another diagnostic method. Therefore, consideration should be
given to performing glucose testing in patients, who have low Hb
concentrations and an HbAlc concentration just below the diagnostic
threshold for diagnostic purposes [19].

The use of HbAlc to diagnose pre-diabetes and diabetes in iron-
deficient populations maylead to a spuriously exaggerated prevalence.
These considerations must be taken into account when using HbAlc
as a screening tool in nutritionally compromised populations.
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