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Abstract

This document is issued by the Italian Society of Clinical
Biochemistry and Clinical Molecular Biology (SIBioC) and
a number of other National Scientific Societies and Associ-
ations in order to promote a coordinated plan for imple-
menting the standardization of glycated hemoglobin (HbA )
measurement in Italy according to the recommendations by
the International Federation of Clinical Chemistry and Lab-
oratory Medicine (IFCC). Changes in reporting HbA,,
results, new units, how to relate old and new units, a timeline
for changes and definition of the analytical goals are the
main issues discussed.
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Introduction

Glycated hemoglobin (HbA,.) is routinely measured in
patients with diabetes mellitus to monitor their glycemic and
metabolic control in the medium to long term (1, 2). This
practice is the outcome of several randomized clinical trials,
the most important of which are the ‘‘Diabetes Control and
Complication Trial”” (DCCT) and the ‘UK Prospective Dia-
betes Study’’ (UKPDS). These studies demonstrated a close
correlation between glycemic control, as evaluated by meas-
uring HbA ., and the risk of onset and progression of chronic
diabetic complications (3, 4).

To enable their use worldwide, HbA . measurement pro-
cedures needed to be standardized. Thus, the International
Federation of Clinical Chemistry and Laboratory Medicine
(IFCC) formed a study group to address this issue in 1995
(IFCC WGHDA ,,). Thanks to the activities of the WGHDbA .,
a reference measurement procedure is now available (5), two
primary reference materials have been produced (6), an inter-
national network of reference laboratories for HbA,. has
been implemented (7) and master equations have been devel-
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oped to convert the findings obtained with the IFCC refer-
ence system into results aligned with the system of the
“‘National Glycohemoglobin Standardization Program’’
(NGSP) (8).

All the producers of systems/reagents for HbA . have been
involved in this alignment to the IFCC reference system.
Also, secondary reference materials will soon be produced
in cooperation with the Institute for Reference Materials and
Measurements (IRMM).

In May 2007, in an attempt to adopt a common strategy
for implementation of a new reference system, a group of
experts representing the principal scientific societies — the
American Diabetes Association (ADA), the European Asso-
ciation for the Study of Diabetes (EASD), the International
Diabetes Federation (IDF), and the IFCC met to voice an
opinion on a standardized method, the unit to be used, and
the feasibility of reporting, in addition to the HbA . value,
an estimated average glucose (eAG) concentration [A,.-
Derived Average Glucose (ADAG)] on the strength of the
results of a clinical trial that was not yet completed at this
time.

The conclusions reached at this meeting (9) were the
following:

1. All HbA,. test results should be standardized worldwide,
including the reference system and the method used for
reporting results.

2. The new IFCC reference system for HbA,. represents
the only valid tool for obtaining standardized HbA,.
measurements.

3. HbA,, results should be reported everywhere in IFCC
units (mmol/mol) and derived NGSP units (%), using the
IFCC-NGSP master equation.

4. If the ongoing ADAG study fulfills the criteria specified
a priori, then an ADAG value calculated from the HbA .
result should also be reported for interpretation of the
HbA . value.

5. All HbA,, values appearing in clinical guidelines as tar-
gets for glycemic control should be expressed in I[FCC
units (mmol/mol), and NGSP units (%), and with a value
for the eAG.

Following publication of this document, there was a sec-
ond meeting involving representatives of the IFCC and the
companies that manufacture this test. At this meeting, further
issues were agreed upon and were subsequently published
(10). The points are summarized below.

e All manufacturers of the diagnostic test should be aligned
to the IFCC reference system by December 31, 2009, at
the latest.

¢ The name of the test will be HbA,. and not A, (as used
primarily in the USA).

* All the instruments brought onto the market after January
1, 2011 should report results in IFCC units (mmol/mol)
and in derived units, as in the NGSP system (%).

e The analytical systems should not report the eAG value,
calculated on the basis of the results of the ADAG study,
together with the HbA,. Laboratory professionals can
report this finding using their laboratory computer system.

* The control materials used for external quality assessment
(EQAS) should be commutable and have an HbA,,
assigned using the IFCC reference method. The limit for
total allowable error should be clearly defined in the
EQAS programs.

* The WGHDA,,. will be available to provide diagnostic
support for manufacturers during the process of alignment
to the IFCC reference system.

What now remains to be dealt with is the reference sys-
tem’s deployment at the end user level (at public health lab-
oratories and diabetes treatment centers, amongst general
practitioners and patients). In Italy, a working group was cre-
ated for this purpose. This group established a set of objec-
tives, as explained below, with recommendations for
accomplishing each of these goals.

Aims

The main aims of the working group were:

* to establish the total
measurements;

* to provide a statement on the feasibility of reporting the
eAG value, calculated using the equation in the ADAG
study, together with the HbA,. measurement;

* to decide which units to be used for reporting HbA,;

* to decide on the phases and timing of the process for
implementing the standardized method at the national lev-
el in Italy;

* to design strategies for a related information campaign.

allowable error for HbA,.

The total allowable error for HbA,,
measurement

The goal for the total error of a laboratory test result can be
defined on the basis of data on the biological variability, the
state of the art of the measurement methods used, and related
clinical utility criteria. By choosing the last of these, we can
make recommendations (according to evidence-based medi-
cine) by starting from the results of the DCCT study. In this
study, patients with poor glycemic control had HbA,.> 8%,
and values in patients with good glycemic control were <7%
(3). Based on these results, we concluded that the goal for
total error in HbA ;. measurements should not exceed +0.5%
of the true HbA . value. To correctly classify a subject who
has a true HbA . value of 7.5%, measurement error must not
exceed 0.5% in absolute terms (equating to a relative total
error of 6.7%), in order to avoid classifying the subject as
having poor glycemic control (HbA,.>8%), or good control
(<7%).

Since the total error of a single measurement derives from
the combination of its imprecision and bias (11), different
combinations of imprecision and bias can comply with this
limit (e.g., CV=3.0% and bias=1.8%; or CV=1% and
bias=5.1%). However, the recommendation that was agreed
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upon was that imprecision should preferably be no more than
2% (12).

Recommendation no. 1

1. The goal of the total allowable error is £6.7% (as a
percentage fraction of the absolute HbA,. value).

2. The long-term imprecision of the method should be no
more than 2%.

3. Participating in EQAS programs, in which commutable
materials are used, and adopting HbA . values assigned
using the IFCC reference measurement procedure, are
the best way to establish whether measurements that are
obtained meet the standards for total error stated above.

Reporting average glucose based on the HbA,,
measurements

Converting HbA . measurements into average glucose esti-
mates might improve the understanding and interpretation of
the HbA . values. A recently published clinical trial prompt-
ed the recommendation that the mean blood glucose, or eAG,
estimated on the basis of HbA,. measurements be used (13).
However, the study in question had several weaknesses that
need to be considered. For instance, it did not include any
adolescents, pregnant women, patients with renal disease or
individuals of Asian ethnicity. In addition, the eAG confi-
dence intervals were so wide that these data would be of
little clinical value. Unlike other calculated laboratory para-
meters [e.g., glomerular filtration rate based on the concen-
tration of serum creatinine and the individual’s gender and
age; or low density lipoprotein (LDL) cholesterol based on
total cholesterol, high density lipoprotein (HDL) cholesterol
and triglycerides], converting HbA . into eAG by means of
an equation containing only numerical factors does not add
any useful clinical information to the HbA . value alone.

Recommendation no. 2

Reporting eAG based on HbA,. measurements using the
equation proposed by the ADAG study has many limitations.
We do not recommend systematic use of the eAG.

Units and new numbers for HbA,,

The IFCC reference method enables direct and specific
measurement of the portion of hemoglobin that is glycated,
in particular, the terminal hexapeptides of the (-chain of
hemoglobin. To define the analyte precisely, the introduction
of a new unit (mmol/mol) was proposed because the previous
unit (%) was not aligned with the international system of
measurements (SI) (14). Using the new IFCC reference sys-
tem involves a change in units used and new reference inter-
vals, i.e.,

 reference interval (for non-diabetic individuals) (DCCT-
aligned results): 4.0-6.0%;

Table 1 Relationship between the NGSP-aligned HbA,. values
(used in DCCT) and IFCC-aligned HbA . values.

NGSP-aligned, % IFCC-aligned, mmol/mol

4.0 20
5.0 31
6.0 42
7.0 53
8.0 64
9.0 75
10.0 86

 reference interval (for non-diabetic individuals) (IFCC-
aligned results): 20-42 mmol/mol.

The relationship between these two methods for reporting
results is as follows: DCCT-aligned HbA . (%)=0.0915X
IFCC-aligned HbA,. (mmol/mol)+2.15. The relationship
between HbA |, values expressed in different units is shown
in Table 1.

It is important to emphasize that standardization with the
IFCC reference method reduces the uncertainty of the final
result because conversion of the result using the equation
mentioned previously (15) introduces another uncertainty,
that has been calculated and subsequently proven (16). For
instance, if a sample measured using the IFCC system has
an HbA . value of 53 mmol/mol, and this value is associated
with an uncertainty of 0.42 mmol/mol (0.8%), the subsequent
processing in NGSP/DCCT units will raise this uncertainty
to 0.47 mmol/mol (0.9%). Though this increase in the uncer-
tainty is small, it cannot be ignored.

Another benefit derived from the use of mmol/mol units
is that this enables an approximate 10-fold amplification in
the number that is obtained. Thus, so small changes in HbA .
should be easier to identify.

Recommendation no. 3

1. HbA,, should be measured using methods calibrated to
the IFCC reference system.

2. The result should be reported in mmol/mol and % units
derived using the conversion equation described above.

3. For a limited period of time, the HbA,. value will be
expressed in laboratory reports using conventional units
(%) followed by the IFCC units (mmol/mol). The con-
ventional units will subsequently be omitted.

Phases and timing

Recommendation no. 4

Beginning on January 1, 2010, HbA,. results will be
expressed in units aligned with the DCCT system (%) and
in standardized IFCC units (mmol/mol). Next, beginning on
January 1, 2012, HbA,, results will be expressed in IFCC
units (mmol/mol) only.
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Information campaign

An information campaign should be organized that focuses
on all stakeholders (medical laboratories, general practition-
ers, diabetologists and diabetic patients, and all medical spe-
cialists involved in managing diabetic patients) to ensure a
synchronous and smooth transition to the new IFCC refer-
ence system throughout the country. This campaign will be
conducted by all of the scientific societies and associations
involved in writing this document, using whatever means of
communication they have at their disposal (e.g., memos to
members, reports at conferences, articles in journals, ‘‘ad
hoc’” papers, etc). This effort shall be consistent with the
timing of the transition to the new IFCC reference system.

If necessary, the authors of this document will be willing
to produce specific material to support those involved in the
information campaign, and specific material will be prepared
for use by diabetic patients.

Conclusions

Laboratory professionals should ask manufacturers of diag-
nostic kits for evidence of their alignment to the IFCC ref-
erence system in order to establish, beginning with the
production process, alignment with the reference system and
the related uncertainty. They should check and monitor their
alignment by routinely participating in EQAS programs that
use commutable control materials, with titers assigned using
the reference measurement procedure, considering the pre-
viously-mentioned limit for total error as the analytical goal.

Using the recommendations contained in this document
and suitable surveillance of the procedures will hopefully
contribute significantly to reducing inter-laboratory variabil-
ity in the measurement of HbA ., and to providing a better
service for patient care.
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