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Editorial

Implementation of haemoglobin A1c results traceable to the

IFCC reference system: the way forward
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This issue of the journal contains two papers pre-
pared by scientific groups of the IFCC on the topic of
haemoglobin A1c (HbA1c) (1, 2). In the position paper
by the Working Group on Standardization of HbA1c
(WG-HbA1c), Mosca et al. highlight the achievements
of the WG created in 1995 and outline its position on
the current situation surrounding HbA1c measure-
ments (1). The second document contains the
recommendations on HbA1c nomenclature and unit
prepared by the IFCC/IUPAC Committee on Nomen-
clature, Properties and Units (C-NPU) (2).

It is fascinating to consider the analytical improve-
ments that have occurred since HbA1c was first
introduced into clinical laboratories for diabetes mon-
itoring during the late 1970s. At that time methods
displayed poor precision and significant differences in
the results produced by different laboratories (3).
Comparability of HbA1c results among laboratories
was considered to be at best difficult or more likely
impossible, especially when they originated from dif-
ferent laboratories using different methods.

Result harmonisation by common calibration was
first proposed in 1984 by Peterson et al. (4). However,
it was only after the publication of the Diabetes Con-
trol and Complications Trial (DCCT) study in 1993 (5)
that the issue of standardisation of HbA1c measure-
ments became an important objective for scientists
and clinicians. The lack of standardisation resulted in
the development of several national and regional
harmonisation/standardisation programs, with con-
siderable divergence still existing between results
obtained in different parts of the world (6, 7). Given
the local level of initiatives, a common feature of
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these programs was the absence of internationally
recognised and accepted reference materials and
measurement procedures to be used as key elements
in assuring the accuracy and comparability of HbA1c
measurements at a global level. To definitively
address these shortcomings and to achieve a uniform
international standardisation of HbA1c measure-
ments, the IFCC established the WG-HbA1c with the
aim to develop a complete reference measurement
system based on the concepts of metrological trace-
ability, bearing in mind that, in addition to reference
methods and materials, essential elements of a com-
prehensive reference measurement system include
definition of the measurand (including the unit) with
regard to the intended clinical use and the individu-
ation of reference laboratories that possibly collabo-
rate in a network (8, 9). For this project, the decision
was made to define HbA1c as haemoglobin mole-
cules having a special hexapeptide in common, which
is the stable adduct of glucose to the N-terminal val-
ine of the haemoglobin b-chain (bN-1-deoxyfructosyl-
haemoglobin). The rationale was that this quantity is
biochemically well characterised, is the major form of
HbA1c in human blood, and most of the commercial
HbA1c tests claim to measure only this form. Two
equivalent reference methods specifically measuring
this hexapeptide were then developed, with a com-
bination of high-pressure liquid chromatography
(HPLC) and electron-spray mass spectrometry (MS)
or, alternatively, a two-dimensional approach using
HPLC and capillary electrophoresis (CE) with UV
detection (10). The WG-HbA1c was also successful in
preparing primary reference materials (purified HbA0
and HbA1c) to calibrate the reference procedures (11).
In 2001, the IFCC reference methods were unani-
mously accepted by the National Societies of Clinical
Chemistry following a ballot and published as
approved IFCC reference methods (10). In the mean-
time, a network of laboratories was established, using
either the HPLC-MS or the HPLC-CE option.

When comparing calibration of routine measure-
ment systems to the IFCC HbA1c reference system,
significant differences in results of routine procedures
were found. This change results in HbA1c values
being 25%–35% lower than currently reported. From
a theoretical point of view, the decision-making sys-
tem for the routine methods can be adjusted accord-
ingly, and clinicians and patients educated concerning
the change. To maintain the value of accumulated
clinical experience, correlation of measurement
results obtained with the new standardised calibra-
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Table 1 Suggested units and target values for HbA1c when measured with methods traceable to the IFCC reference system.
A comparison with the current figures is also given.

Currenta IFCC traceable methods

Reference interval (non-diabetics) 4–6% 20–42 mmol/mol
Target for treatment in diabeticsb -7% -53 mmol/mol
Change of therapy in diabeticsb )8% )64 mmol/mol
aRefer to methods aligned to the US National Glycohemoglobin Standardization Program. bAs recommended by the American
Diabetes Association.

tion to results of measurements obtained with the
previous calibration should, however, be established.
Adjustment of the decision-making criteria is of out-
standing importance, since, even if the routine meth-
ods are biased from a metrological point of view,
clinicians can still reach correct clinical decisions if
the decision-making criteria they apply incorporate
the same bias. In contrast, they could arrive at incor-
rect clinical decisions if patient HbA1c results are true
with regard to the reference system, but the decision-
making criteria are only valid by using the previous
calibration for the test. Introduction of a new, even if
more specific, measurement system theoretically
requires the clinical validation trials to be repeated. In
the case of HbA1c, reliable linear relationships
between results traceable to the IFCC reference sys-
tem for HbA1c and previous national and regional
recommended methods have been demonstrated,
allowing the conversion of analytical and clinical data
from one system to another (12). It is therefore pos-
sible in practice to translate target values generated
in previous landmark clinical studies, using methods
not traced to the IFCC system, to maintain the clinical
experience. In its document, the C-NPU proposes that
‘‘mmol/mol’’ be used as the unit of measurement for
HbA1c; this represents the SI unit for this measurand
(2). This option, i.e., the use of a completely different
unit (mmol/mol instead of percentage), will avoid con-
fusion when recalculating old HbA1c targets to the
new IFCC standardised values if clinical laboratories
wish to implement HbA1c results traceable to the
IFCC reference system (Table 1). Other advantages of
this approach may include a positive impact of chang-
ing the scale of reported HbA1c results, allowing
clinicians and diabetic patients to better understand
the biomarker changes (currently they may perceive
small changes in percentage values – although linked
to large health effects – as unimportant) and
increased potential for future use of HbA1c as a diag-
nostic tool (13).

The question of reporting IFCC standardised results
for HbA1c rather than ‘‘DCCT-aligned’’ results has
been debated at some length (14, 15). It was agreed
that the best strategy for change should involve a
coordinated transition at international level. We think
that the two papers published in this journal’s issue
may further contribute to this evolutionary process of
standardisation that parallels the progress of scientific
knowledge on the analytical and biochemical aspects.

References

1. Mosca A, Goodall I, Hoshino T, Jeppsson JO, John WG,
Little RR, et al. Global standardization of glycated hemo-
globin measurement: the position of the IFCC Working
Group. Clin Chem Lab Med 2007;45:1077–80.

2. Nordin G, Dybkaer R. Recommendation for term and
measurement unit for ‘‘HbA1c’’. Clin Chem Lab Med
2007;45:1081–2.

3. Boucher BJ, Burrin JM, Gould BJ. A collaborative study
of the measurement of glycosylated haemoglobin by
several methods in seven laboratories in the United
Kingdom. Diabetologia 1983;24:265–71.

4. Peterson CM, Jovanovic L, Raskin P, Goldstein DE. A
comparative evaluation of glycosylated haemoglobin
assays: feasibility of references and standards. Diabeto-
logia 1984;26:214–7.

5. The Diabetes Control and Complications Trial Research
Group. The effect of intensive treatment of diabetes on
the development and progression of long term compli-
cations in insulin-dependent diabetes mellitus. N Engl J
Med 1993;329:977–86.

6. Mosca A, Paleari R. Standardization schemes for hemo-
globin A1c determination. In: John WG, editor. Monitor-
ing glycaemic control in the diabetic patient. London:
Hartcourt Health Communication, Mosby International
Ltd, 2001:137–50.

7. Little RR, Rohlfing CL, Wiedmeyer HM, Myers GL, Sacks
DB, Goldstein DE. The National Glycohemoglobin Stan-
dardization Program: a five-year progress report. Clin
Chem 2001;47:1985–929.

8. Hoelzel W, Miedema K. Development of a reference sys-
tem for the international standardization of HbA1c/
glycohemoglobin determinations. J Int Fed Clin Chem
1996;9:62–7.

9. Panteghini M, Forest JC. Standardization in laboratory
medicine: new challenges. Clin Chim Acta 2005;355:1–
12.

10. Jeppsson JO, Kobold U, Barr J, Finke A, Hoelzel W, Ho-
shino T, et al. Approved IFCC reference method for the
measurement of HbA1c in human blood. Clin Chem Lab
Med 2002;40:78–89.

11. Finke A, Kobold U, Hoelzel W, Weycamp C, Jeppsson
JO, Miedema K. Preparation of a candidate primary ref-
erence material for the international standardisation of
HbA1c determinations. Clin Chem Lab Med 1998;36:299–
308.

12. Hoelzel W, Weykamp C, Jeppsson JO, Miedema K, Barr
JR, Goodall I, et al. IFCC reference system for measure-
ment of hemoglobin A1c in human blood and the nation-
al standardization schemes in the United States, Japan,
and Sweden: a method-comparison study. Clin Chem
2004;50:166–74.

13. Kilpatrick ES. HbA1c or glucose for diabetes diagnosis?
Ann Clin Biochem 2005;42:165–6.



944 Panteghini et al.: Implementation of haemoglobin A1c results traceable to the IFCC reference system

Article in press - uncorrected proof

14. Manley S, John WG, Marshall S. Introduction of IFCC
reference method for calibration of HbA1c: implications
for clinical care. Diabet Med 2004;21:673–6.

15. Miedema K. Towards worldwide standardization of
HbA1c determination. Diabetologia 2004; 47:1143–8.

Note added to proof

At a type of ‘‘summit’’ meeting on May 4, 2007, rep-
resentatives from the American Diabetes Association
(ADA), European Association for the Study of Diabe-
tes (EASD), and IFCC agreed on some consensus
statements on the ways to report HbA1c results. Here,
we are pleased to present the Consensus Agreement,
as follows:

1. ADA, EASD, and IFCC agree that HbA1c results
should be standardized worldwide, including the
reference system and results reporting.

2. ADA, EASD, and IFCC agree that the IFCC refer-
ence system for HbA1c represents the only valid
anchor to implement standardization of the
measurement.

3. ADA, EASD, and IFCC agree that the HbA1c
results are to be reported worldwide in IFCC units
(mmol/mol) and derived National Glycohemo-
globin Standardization Program (NGSP) units (%),
using the IFCC-NGSP master equation.

4. ADA, EASD, and IFCC agree that if the ongoing
‘‘average plasma glucose study’’ fulfils its a priori

specified criteria, an HbA1c derived average glu-
cose (ADAG) value will also be reported as an
interpretation of the HbA1c results.

5. ADA, EASD, and IFCC recommend that all glyce-
mic goals appearing in clinical guidelines should
be expressed in IFCC units, derived NGSP units,
and as ADAG.

6. ADA, EASD, and IFCC agree that these recom-
mendations should be implemented globally as
soon as possible.

We believe that this Agreement will further contrib-
ute to the process of the worldwide comparability of
HbA1c results, paralleling the progress of scientific
knowledge related to the analytical and biochemical
aspects and leading to better care for patients.
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