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Background

The first arbitrary criteria for diagnosis of diabetes
mellitus (standardized by the World Health Organ-
isation, WHO) appeared in 1980 (1). These criteria
were based on blood glucose measurement fast-
ing and 2 h after oral ingestion of a certain amount
of glucose in non-pregnant adults (OGTT). In 1997,
these criteria were supplemented with the value
of fasting plasma glucose (FPG) more central to
the diagnosis (2). Twelve years later, in 2009, the In-
ternational Expert Committee for Diagnosis and
Management of Diabetes recommended that
HbA1c be used as the preferred test for diagnosing
type 2 diabetes (T2D). The diagnosis of diabetes
should be made solely on the basis of an HbAlc
value 48 mmol/mol (=6.5%) (3).

HbA1c term

Although the IUPAC-IUB Joint Commission on Bio-
chemical Nomenclature (JCBN) and Nomenclature
Commission of IUB (NC-IUB) drew attention to the
issue of nomenclature related to glycated haemo-
globin as early as 1984, explaining the difference
between the two terms ‘glycated’ and glycosylat-
ed (or glucosylated) haemoglobin’, unfortunately,
the improper use of the term can still be found in
the literature. The term glycated haemoglobin re-
fers to haemoglobin that has been modified by
the non-enzymatic addition of glucose, i.e. non-
enzymatic reactions between glucose or other
sugars and free amino groups of proteins. The
compounds so formed result from the Schiff base
formation followed by Amadori rearrangement.

The term glycosylated (glucosylated) is an enzy-
matic process resulting in glycoside (glucoside)
compounds (4).

The currently acceptable term for glycation of hae-
moglobin in general is ‘glycated haemoglobin’
(GHb). HbA1c is a specific glycated species that is
modified by glucose on the N terminus of the hae-
moglobin 3 chain. ‘HbATC is also the internation-
ally accepted term for reporting all GHb results.

Methodology

Roughly 100 different GHb methods from low-
throughput manual minicolumn methods to high-
throughput automated systems for HbAlc meas-
urement have been used for 35 years. Related to
the principle, the methods can be classified mostly
into two groups: methods that quantify GHb
based on charge differences between glycated
and nonglycated components (cation-exchange
chromatography, agar-gel electrophoresis), and
methods that separate glycated and nonglycated
components based on structural differences (bo-
ronate affinity chromatography, immunoassay).
Most charge-based and immunoassay methods
measure HbAlc, whereas other methods quantify
‘total glycated haemoglobin’ (5-7).

It is not strange that GHb results reported for the
same blood sample can differ considerably among
methods.

In 1995, the IFCC established a working group
(IFCC WG-HbAI1¢) to achieve international stand-
ardisation of HbAlc measurement by establish-
ment of reference measurement procedure with
purified primary calibrators, by development of a
network of reference laboratories and implemen-
tation of traceability to the IFCC reference system.
The analyte measured by IFCC reference method
has been defined as (N1-deoxifructosyl-
haemoglobin and recommended units are mmol/
mol.

The IFCC WG-HbAlc recommended the term
HbA1c to be used in clinical practice (8).

In 1996, the National Glycohemoglobin Standardi-
sation Program (NGSP) initiated to standardise
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GHb test results among laboratories to The Diabe-
tes Control and Complication Trial (DCCT)-equiva-
lent values (9). It was developed under the auspic-
es of the AACC and endorsed by ADA recommen-
dation that laboratories use only the methods that
are certified by the NGSP as traceable to the DCCT
reference. The manufacturers of HbAlc assays
should also follow traceability to the IFCC refer-
ence method. The NGSP web site contains de-
tailed information on the process of certification
and maintains a list of certified methods (monthly
updated) and factors known by now to interfere
with specific methods (10).

In 1997, the IFCC formed a committee to develop a
higher-order reference method and reference ma-
terials for HbAlc analysis; the method was ap-
proved in 2001. Since the preparing and measur-
ing samples with this method is laborious, very ex-
pensive, and time-consuming, the method serves
to manufacturers for standardisation of the meth-
od.

The advantage of a new reference method to
standardize the HbAIlc results, along with the an-
ticipated documentation that the assay does in-
deed indicate average blood glucose resulted in a
variety of proposed changes in the reporting of
HbA1c test results worldwide.

Related to this, an international consensus agree-
ment among the American Diabetes Association
(ADA), the European Association for the Study of
Diabetes (EASD), the International Diabetes Feder-
ation (IDF), and the International Federation of
Clinical Chemistry and Laboratory Medicine (IFCC)
was signed in Milan, Italy, in 2007 (11).

The implications of the activities according to the
agreement were as follows:

1. HbAlc test results should be standardized
worldwide, including the reference system and
reporting of results.

2. The new IFCC reference system for HbATlc rep-
resents the only valid anchor to implement
standardization of the measurement.

3. HbAIc results are to be reported worldwide in
IFCC units (mmol/mol) and derived NGSP units
(%), using the IFCC-NGSP master equation.
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4. If the ongoing ‘average plasma glucose study’
fulfils its a priori specified criteria, a HbAlc-de-
rived average glucose (ADAG) value calculated
from the HbA1c result will also be reported as
an interpretation of the HbA1lc results.

5. Inclinical setting, glycemic goals are expressed
in IFCC units and derived NGSP units.

Since June 2011, the way of HbA1c reporting has
switched from percentage to mmol/mol as the
equivalent to NGSP DCCT-aligned results. Both
NGSP and IFCC units were recommended to be
used, but the decision to report was left to the dis-
cretion of individual countries.

To make sense of the new HbA1c units and com-
pare these with old units and vice versa, a convert-
er has been developed based on so-called master
equation (12).

International consideration and
recommendation

An International Expert Committee comprising
members appointed by the ADA, EASD and IDF
published their report on the role of HbA1c in di-
agnosis of diabetes in 2009 (13), in which they rec-
ommend that diagnosis in type 2 diabetes should
be made solely on the basis of an HbA1c confirmed
to be 48 mmol/mol (=6.5%), without the need to
measure plasma concentration in the subject. A
sub-diabetic high risk state would exist for sub-
jects with an HbA1c of 42-46 mmol/mol (6.0%-
6.4%).

Kilpatrick and Vinocour in the article on the Asso-
ciation of British Clinical Diabetologist (ABCD) po-
sition statement on haemoglobin Alc for the diag-
nosis of diabetes, on behalf of the ABCD, endorsed
by the Association for Clinical Biochemistry (ACB),
emphasis the advantages and disadvantages of
using HbATc to diagnose diabetes (14). Advantag-
es include non-fasting samples, low biological var-
iability, the measure of previous (prior) glycaemia,
as well as analytical postulates enabling to bring
results from different laboratories closer together.

Disadvantages are abnormal haemoglobin, anae-
mias, age and ethnicity, as well as technological

S18



14th EFLM Continuous Postgraduate Course in Clinical Chemistry and Laboratory Medicine

limitations that may, despite strong advantages of
using HbATc in the diagnosis of diabetes, give a
misleading indication of glycaemia in an individu-
al and so lead to an inappropriate or missed diag-
nosis.

While the current glucose criteria for diagnosis are
arbitrary and the testing process itself has well
documented limitations, at the moment it seems
that there also are unresolved concerns related to
the HbAIc, i.e. it may appear that HbAlc is much
more likely than glucose to completely misdiag-
nose an individual as having or not having diabe-
tes. The possible requirement for using HbAlc
alone in the diagnosis of diabetes mellitus is previ-
ous exclusion of the conditions such as anaemia or
haemoglobinopathies, while taking in considera-
tion the factors of patient age and ethnicity. In this
way, diagnostic workup would be simplified con-
siderably.

The National Academy of Clinical Biochemistry:
Laboratory Medicine Practice Guidelines pub-
lished in 2011 Guidelines and Recommendation
for laboratory analysis in the diagnosis and man-
agement of diabetes mellitus by David Sacks, en-
dorsed by AACC and ADA.

The Guidelines revealed important recommenda-
tions concerning HbA1c; HbAlc should be meas-
ured routinely in all patients with diabetes to doc-
ument their degree of glycemic control. Laborato-
ries should use only HbA1c methods that are certi-
fied by the NGSP as traceable to the DCCT refer-
ence. The manufacturers of HbAlc assays should
also show traceability to the IFCC reference meth-
od. Related to the reference intervals, it is recom-
mended that a laboratory should determine its
own reference interval even if the manufacturer
has provided one.

In clinical settings, patient samples with HbA1c re-
sults below the lower limit of reference interval or
140 mmol/mol (>15%) HbA1c should be verified by
repeat testing, i.e. HbAlc values that are inconsist-
ent with clinical presentation should be investigat-
ed further.

The Guidelines also emphasise the importance of
HbA1c interpretation, which requires close labora-
tory-physician interaction.

Use of HbA1c
Use of HbA1c to diagnose diabetes

Although the proposed diagnostic cut-off value
for HbAlc of 48 mmol/mol is recommended, many
studies have implicated that fewer patients will be
newly diagnosed if HbAlc at this level is used
alone, as compared with plasma glucose value.
The prevalence of undiagnosed diabetes using
any glucose criterion (fasting or 2 h) was 5.1%, and
upon including HbATc it rose to 5.4%. So, the prev-
alence differs markedly between the Expert Com-
mittee (1.6%) and both WHO (5.1%), and ADA rec-
ommendation (5.4%).

Summarised, 25% of individuals with a ‘positive’
OGTT had 48mmol/mol, while 45% of individuals
that exceeded both the fasting and 2 h glucose
criteria were not diagnosed with diabetes using
HbA1c. The additional effect of ethnicity and aging
has an important role in these proportions.

Using HbA1c to identify the risk of
microvascular complications

It seems that the International Expert Committee
agreed that HbA1c 48mmol/mol could be at least
predictive in identifying patients at risk of devel-
oping microvascular complications, particularly
retinopathy.

Using HbA1c to identify the risk of
macrovascular complications

One of the most common macrovascular compli-
cations is cardiovascular system (CV) involvement.
Several risk factors along with hyperglycaemia
should be managed in diabetes patients; so many
patients are prescribed antihypertensives and lipid
lowering drugs. At the HbA1c 48 mmol/mol cut-off,
this treatment would automatically be considered
in fewer individuals. The HbAlc is also known to be
poor in the group of patients with impaired glu-
cose tolerance and in identifying patients with im-
paired fasting glucose. With regard to CV risk pre-
diction, there is evidence that HbAlc may be supe-
rior to fasting glucose alone in predicting future
CV events. There is evidence for a relationship be-
tween the increasing HbAlc and increasing CV risk.
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Using HbA1c to identify type 1 diabetes

The ADA makes HbA1c applicable to patients with
type 1 diabetes, but there is a concern that rapidly
evolving hyperglycaemia in these patients may
not be immediately reflected in a raised HbA1c. So,
it could result in delaying the diagnosis of type 1
diabetes.

Using HbA1c in monitoring of diabetes

The HbATc testing should be performed at least
biannually in all diabetic patients and quarterly in
patients whose therapy has changed or who failed
to meet treatment goals. These tastings are rec-
ommended for non pregnant patients with either
type 1 or type 2 diabetes.

When using HbA1c in monitoring of diabetic pa-
tients, it is of utmost importance the consider the
race- and age-specific HbAlc target, as well as dif-
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