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Abstract: HbA1c is formed over a period of two to three
months and reflects the glycaemic status of a patient over
the past two to three months for this reasons HbA1C test
has been used for diabetics followup and diagnosis. The
relationship between HbA1c and average blood glucose is
complex but has been studied by the Diabetes Control and
Complications Trial (DCCT). A new internationally
standardized method for reporting HbA1C has been
developed by the International Federation of Clinical
Chemistry (IFCC). This will report HbA1C in mmol per
mol of hemoglobin without glucose attached. HbA1c has
now been recommended by an International Committee
and by the ADA (American Diabetes Association) as a
mean to diagnose diabetes and as a screening test for
persons at high risk of diabetes. Also, the International
Diabetes Federation and American College of
Endocrinology  (ACE)  recommend  HbA1c  values  below
48 mmol moLG1 (6.5%). The 2010 American Diabetes
Association Standards of Medical Care in Diabetes added
the A1c 48 mmol moLG1 (6.5%) as another criterion for the
diagnosis of diabetes mellitus.

INTRODUCTION

HbA1c  is  formed  over  a  period  of  two  to  three
months  and  reflects  the  glycaemic  status  of  a  patient
over  the  past  two  to  three  months  for  this  reasons
HbA1c test has been used for diabetics followup and
diagnosis[1].

There is a correlation between the HbA1c levels and
mean  plasma  glucose  levels  on  multiple  testing  over
2-3 months[2]. For example, an HbA1c value of 6%
corresponds   to   a   mean   plasma   glucose   level   of
7.5 mmol L G1, 135 mg dLG1 (Table 1).

The relationship between HbA1c and average blood
glucose is complex but has been studied by the Diabetes
Control   and   Complications   Trial   (DCCT).   A   new

Table 1: Comparing DCCT-Hb A1c and Average blood glucose
DCCT-Hb A1c (%) Average blood glucose (mmol LG1)
5 5.5
6 7.5
7 9.5
8 11.5
9 13.5
10 15.5
11 17.5
12 19.5
From the we can see that average plasma glucose = (2×HbA1c)-4.5[3]

internationally  standardized  method  for  reporting
HbA1c  has  been  developed  by  the  International
Federation of Clinical Chemistry (IFCC). This will report
HbA1c in mmol per mol of hemoglobin without glucose
attached[3].
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According to a report published in 2009 by an
International Expert Committee on the role of HbA1c in
the diagnosis of diabetes, HbA1c can be used to diagnose
diabetes and that the diagnosis can be made if the Hb A1c

level is 6.5% or more and HbA1c level below 6% is
considered normal[4].

HbA1c results in the UK have usually been aligned to
the assay used in the Diabetes Control and Complications
Trial (DCCT), expressed as a percentage (DCCT-HbA1c) -
non-diabetic ‘normal’ range being 4-6%[5].

Diagnostic criteria for diabetes that made by (World
Health Organization WHO report 2011) determined that
HbA1c of 6.5% was considered as the cut-off point for
diagnosing diabetes. A value <6.5% does not exclude
diabetes diagnosed using glucose tests[6].

Hba1c test sensitivity: Glycated hemoglobin has been
extensively  investigated  by  clinical  trials    in  1979
Dunn et al.[7] suggested that HbA1c  is highly reproducible
and responsive to changes in glucose tolerance as such it
could be used to monitor the control of glycaemia.

In 1991, Mulkerrin et al.[8] reported very poor
sensitivity (36%) and predictive value (44%) in their
elderly sample (mean age 76 years old), thereby making
HbA1c neither useful in screening nor beneficial for
diagnosing diabetes. However, in acutely ill hospitalized
patients HbA1c> 6% could reliably diagnose diabetes and
level <5.2 % would reliably exclude diabetes[9].

In other words, the HbA1c cut-off of 6.5% with very
low sensitivity and very high specificity could be used as
a supportive marker for the diagnosis of diabetes[10].
Although, HbA1c cut-off 6.5% for diagnosis is too high, it
gives acceptable sensitivity and specificity rates at 44.6
and 99.6%, respectively[11]. A study from Australia
suggested the use of a 7% cut-off rate for HbA1c when
screening high risk populations[12].

Other studies have asserted that simultaneous
measurement  of  fasting  blood  glucose  and  HbA1c may
be  used  to  identify  high  risk  patients  at  an  early
stage[13, 14].

In 1994, McCane et al.[15] recommended glycatedHb
or fasting plasma glucose as an acceptable alternative for
diagnosing diabetes instead of OGTT.

In one study most individuals with HbA1c at 6-7%
had normal FPG but usually abnormal 2 h post challenge
Plasma Glucose (PCPG); only 58% of patients with
HbA1c in the 5-5.5% range had normal PCPG[16].

In a consensus statement: (2008) Society of
Endocrinology[17]  recommended  the  level  of  HbA1c  of
6.5-6.9% or greater, confirmed by Fasting Blood Glucose
(FPG) or Oral Glucose Tolerance Test (OGTT) should
establish thediagnosis of diabetes and HbA1c>6.0% and
impaired fasting glucose (>100 mg dLG1) or random
plasma glucose of 130-199 mg dLG1 should lead to further
diagnostic workup and closer follow-up. By using these
recommendations, we may identify a high proportion of

individuals with undiagnosed diabetes may be identified
who would otherwise only be diagnosed once they
developed end organ damage.

MATERIALS AND METHODS

HbA1c assay methods: A broad range of assay methods
has being developed since HbA1cwas described in the late
1950. Roughly, there are two different methods for the
measurement of HbA1c: methods based on difference in
charge and methods based on structural difference.

Ion-exchange chromatography, capillary
electrophoresis and iso-electric focusing are all based on
the difference in electrical charge.

Till 1999, the assays being used for measuring HbA1c

were boronate affinity chromatography (>50% of
laboratories), cation or ion-exchange High Performance
Liquid Chromatography (HPLC) methods (30%),
immunoassay (15%) and electrophoretic methods
(<5%)[18]. However, presently, cation exchange performed
by HPLC is the most widely used assay method[19]. 

For the time being, only the High-Performance
Liquid Chromatography (HPLC) is still in use. It is an
efficient method; it meets the clinical requirements of
reliability  and interpretation and does not suffer from
interference by Schiff base or carbamylatedhaemoglobin. 

Affinity chromatography and immunochemical
assays are the two main used methods based on structural
difference. The latter is the one that is mostly applied.

HbA1c accelerates faster in a cation-exchange resin.
Ion exchange chromatography takes advantage of the
lower isoelectric point that develops when glucose
attaches to the beta chain N-terminal valine and HbA1c

acquires an extra negative charge.
The concentration of hemoglobin is measured using

a spectrophotometer and quantified by calculating the area
under each peak of the chromatogram compared with a
calibrated chromogram[20].

RESULTS AND DISCUSSION

Relation of  HbA1c to glycaemic control in Diabetes
Mellitus DM: Koenig et al.[21] examined the relationship
between HbA1c and glycaemiccontrol in poorly controlled
diabetic patientsand found improvement in glycaemic
control caused a reduction in the levels of HbA1c after
approximately 4 weeks.

In another study of newly diagnosed diabetic patients,
initially elevated levels of HbA1c were observed to
decrease gradually in the weeks following the onset of
dietary and insulin therapy with a tendency to level out
after approximately 7 weeks[22].

HbA1c and Diagnosis of DM: In 2000, it is estimated that
the worldwide prevalence of diabetes wasapproximately
2.8% and is expected to grow to 4.4% by 2030[23].
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It is important to remember that HbA1C only reflects
glucose concentrations over 4-8 weeks provided there is
a normal hemoglobin concentration and normal red blood
cell survival[23, 24].

The real international revolution and breakthrough
for the clinical use of HbA1c in 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 HbA1c levels was
related to risk of developing the micro vascular
complications of diabetes[23].

Glycated hemoglobin is still not playing a major role
in the diagnosis of gestational diabetes which still requires
fasting and glucose tolerance measurements and not the
glycated hemoglobin[4, 25]. HbA1c levels decrease during
the second trimester of a normal nondiabetic pregnancy
and rise during the third trimester[26].

HbA1c has now been recommended by an
International Committee and by the ADA (American
Diabetes Association) as a mean to diagnose diabetes and
as a screening test for persons at high risk of diabetes[4, 6].

Also, the  International Diabetes Federation and
American College of Endocrinology (ACE) recommend
HbA1C values below 48 mmol moLG1 (6.5%)[4].

The 2010 American Diabetes Association Standards
of Medical  Care  in  Diabetes  added  the A1C 48 mmol
moLG1 ( 6.5%) as another criterion for the diagnosis of
diabetes[27].

The appreciable advantage that make HbA1c

applicable for diagnosis of DM  that 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[4].

The American Diabetes Association guidelines
suggest that the HbA1c testcan be performed at least two
times a year forpatients with diabetes that are meeting
treatmentgoals and have stable glycaemic control
andquarterly for patients with diabetes whose therapyhas
changed or that are not meeting glycemicgoals[25].

CONCLUSION

HbA1c can be used as a diagnostic test for diabetes
provided that stringent quality assurance tests are in place
and assays arestandardized to criteria aligned to the
international reference values and there are no conditions
present which preclude its accurate measurements[6].

HbA1c is expressed in (%) in NGSP (National
GlycohemoglobinStandardization Program and mmol/mol
in IFCC (International Federation for Clinical Chemistry).
HbA1c can indicate people with pre-diabetes or diabetes as
follows[4, 6]:

C Normal: Below 42 mmol moLG1 (6.0%)
C Pre-diabetes: 42-47 mmol moLG1 ( 6.0-6.4%)
C Diabetes: 48 mmol (6.5%)
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