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Diabetes mellitus (DM) is now one of the most
common non-communicable diseases globally.
DM is a chronic metabolic disorder characterized
by hyperglycaemia, either because the body does
not produce enough insulin, or because cells do
not respond to the insulin that is produced. The
worldwide prevalence of diabetes in 2000 was
approximately 2.8% and is estimated to grow to
4.4% by 2030.1 Magnitude of DM in Bangladesh
is also increasing day by day. Prevalence of DM
in our country is about 6.1% (5.6 millions) and it
will hold the 8th position in the world according
to the total cases of diabetes in adult population
(20 to 79 years) by the year 2030.2,3
Diagnosis, management and regular monitoring
of the DM are great challenge to both patients
and physicians. Now a days a lot of treatment
regimens are available. Glycated haemoglobin
provides an accurate and objective measure to
access the glycaemic control and also to diagnose
new DM. Glycated hemoglobin is also known as
glycohemoglobin, glycosylated hemoglobin or as
hemoglobin A1c, HbA1c, A1C, or Hb1c (the main
fraction of glycated hemoglobin).1 About 40
years ago Glycated haemoglobin (HbA1c) was
initially identified as an "unusual" haemoglobin
in diabetic patients.4 HbA1c was first separated
from other forms of hemoglobin by Huisman and
Meyering in the year 1958.5 It was characterized
as a glycoprotein by Bookchin and Gallop in
1968.6 Samuel Rahbar et al. in 1969 first
described its relationship with diabetes.7
Glycated hemoglobins are characteristically
Ketoamine, formed through a two-step nonenzymatic pathway between hemoglobin and
blood glucose. Blood glucose and hemoglobin are
combined to form aldimine as a first step, which
is a reversible form. In the second step, this
labile aldimine is slowly converted to Ketoamine
form which is stable and irreversible.1,8,9 In
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individuals with poorly controlled diabetes, the
quantities of these glycated hemoglobins are
much higher than in healthy people.9 The HbA1c
level is directly proportional to average blood
glucose concentration over the previous 4 weeks
to 3 months or the average lifespan of the
erythrocyte. However, it is important to
remember that HbA1c only reflects glucose
concentrations over 4 to 8 weeks provided there
is a normal hemoglobin concentration and normal
red blood cell survival.1,10
Total glycated hemoglobin (Total GHb) refers to
all the glycated hemoglobins, including glycated
hemoglobin variants. Total glycated hemoglobin
is usually determined by affinity chromatography
or immunassays. HbA1c is the major subfraction
of the glycated normal hemoglobin (HbA1).
HbA1c is usually determined by ion-exchange
high-performance liquid chromatography (HPLC)
or gel electrophoresis.9 Excessive formation of
early glycation products may adversely affect
several functions of blood vessels, lipid
metabolism and prone to develop diabetic
complications. In blood vessels, uptake of LDL
may be enhanced; resulting in atherogenesis and
also increases the free radical mediated damage.
These reversible biochemical abnormalities
probably play a role in the pathogenesis of the
early functional changes in the diabetic
microvasculature.1,11 Higher amounts of HbA1c
in diabetic patients, indicating poorer control of
blood glucose levels, have been associated with
diabetic complications like; cardiovascular
disease, nephropathy, and retinopathy.1,12
HbA1c was introduced into clinical use in the
1980s and subsequently has become an
important part of clinical practice.12 The real
breakthroughs for the clinical use of HbA1c in
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diabetes came from the large prospective DCCT
(Diabetes Control and Complications Trial) and
UKPDS (United Kingdom Prospective Diabetes
Study) studies showing that glycaemic control, by
the measured of HbA1c levels, was related to risk
of developing the microvascular complications of
diabetes. HbA1c reflects average plasma glucose
over the previous eight to 12 weeks.1,10,12 The
rate of formation of HbA1c is directly
proportional to the ambient blood glucose
concentration; a rise of 1% in HbA1c
corresponds to an approximate average increase
of 2 mmol/L (36 mg/dL) in blood glucose.
HbA1c has now been recommended by an
International Committee and by the ADA
(American Diabetes Association) as a means to
diagnose diabetes and as a screening test for
persons at high risk of diabetes.12,13 The 2010
American Diabetes Association Standards of
Medical Care in Diabetes added the A1c >48
mmol/mol ( > 6.5%) as another criterion for the
diagnosis of diabetes.14 The International
Diabetes Federation and American College of
Endocrinology recommend HbA1c values below
48 mmol/mol (6.5%).13 An HbA1c of 6.5% is
recommended as the cut point for diagnosing
diabetes but a value of less than 6.5% does not
exclude diabetes diagnosed using glucose
tolerance tests.13 Diagnosis of gestational diabetes
still requires fasting and glucose tolerance
measurements
and
not
the
glycated
hemoglobin.13,14 HbA1c levels decrease during
the second trimester of a normal nondiabetic
pregnancy and rise during the third trimester.15
It can be performed at any time of the day and
does not require any special preparation such as
fasting. These properties have made it the
preferred test for assessing glycaemic control in
people with diabetes.13 The American Diabetes
Association guidelines suggest that the HbA1c test
can be performed at least two times a year in
patients with diabetes that are meeting treatment
goals (and that have stable glycemic control) and
quarterly in patients with diabetes whose therapy
has changed or that are not meeting glycemic
goals.16 Results of HbA1c can be unreliable in
many circumstances, such as after blood loss, for
example, after surgery, blood transfusions,
anemia, or high erythrocyte turnover; in the
presence of chronic renal or liver disease; after

administration of high-dose vitamin C; or
erythropoietin in treatment.10 Lower-thanexpected levels of HbA1c can be seen in people
with shortened red blood cell lifespan, such as
with
glucose-6-phosphate
dehydrogenase
deficiency, sickle-cell disease, or any other
condition causing premature red blood cell death.
On the converse, higher-than-expected levels can
be seen in people with a longer red blood cell
lifespan, such as with Vitamin B12 or folate
deficiency.17
Table I: Some of the factors that influence HbA1c and its
measurement.(Gallagher et al)12,18
Erythropoiesis
Increased HbA1c: iron, vitamin B12 deficiency, decreased
erythropoiesis.
Decreased HbA1c: administration of erythropoietin, iron, vitamin
B12, reticulocytosis, chronic liver disease.
Altered Haemoglobin
Genetic or chemical alterations in haemoglobin:
haemoglobinopathies, HbF, methaemoglobin, may increase or
decrease HbA1c.
Glycation
Increased HbA1c: alcoholism, chronic renal failure, decreased
intraerythrocyte pH.
Decreased HbA1c: aspirin, vitamin C and E, certain
haemoglobinopathies, increased intra-erythrocyte pH.
Variable HbA1c: genetic determinants.
Erythrocyte destruction
Increased HbA1c: increased erythrocyte life span: Splenectomy.
Decreased A1c: decreased erythrocyte life span:
haemoglobinopathies, splenomegaly, rheumatoid arthritis or
drugs such as antiretrovirals, ribavirin and dapsone.
Assays
Increased HbA1c: hyperbilirubinaemia, carbamylated haemoglobin,
alcoholism, large doses of aspirin, chronic opiate use.
Variable HbA1c: haemoglobinopathies.
Decreased HbA1c: hypertriglyceridaemia.
Table II: Diagnostic criteria for diabetes (WHO report 2011)12
HbA1c can be used as a diagnostic test for diabetes provided that
stringent quality assurance tests are in place and assays are
standardized to criteria aligned to the international reference
values, and there are no conditions present which preclude its
accurate measurements
An HbA1c of 6.5%was recommended as the cut-off point for
diagnosing diabetes. A value <6.5% does not exclude diabetes
diagnosed using glucose tests
Summary of tests that can be used

>

Fasting plasma glucose : 7.0 mmol L-1 (126 mg dL-1) or

>

2-h plasma glucosea : 11.1 mol L-1 (200 mg dL-1) or

>

HbA1c : 6.5%
a 75g oral glucose tolerance test

5

AKMMC J 2013 : 4(1)

Conclusion
Over the last four decades HbA1c comes out with many
facts of diabetes and now it is a very important part of
both diagnosis and treatment of diabetes. However,
HbA1c may be affected by a variety of genetic,
physiological, haematological and illness-related factors
but another major factor concerns costs and availability of
HbA1c assays in many countries.
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