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INTRODUCTION ties of the WGHbA,, a reference measurement proce-
Glycated hemoglobin (HbA,) is routinely measured in pa- dure is now available (5), two primary reference materials
tients with diabetes mellitus to monitor their glycemic and have been produced (6), an international network of ref-
metabolic control in the medium to the long term (1, 2). erence laboratories for HbA; has been implemented (7),
This practice is the outcome of several randomized clinical and master equations have been developed to convert
trials, the most important of which are the “"Diabetes Con- the findings obtained with the IFCC reference system in-
trol and Complication Trial” (DCCT) and the UK Prospec- to results aligned with the system of the “National Gly-
tive Diabetes Study” (UKPDS). These studies demonstrat- cohemoglobin Standardization Program’ (NGSP) (8).
ed a close correlation between glycemic control, as eval- All the producers of systems/reagents for HoA;. have
uated by measuring HbA,, and the risk of onset and pro- been involved in this alignment to the IFCC reference
gression of chronic diabetic complications (3, 4). system.
To enable their use worldwide, HbA;. measurement pro- In May 2007, in an attempt to adopt a common strategy
cedures needed to be standardized. Thus, the Interna- for implementation of a new reference system, a group of
tional Federation of Clinical Chemistry and Laboratory experts representing the principal scientific societies —
Medicine (IFCC) constituted a study group to address the American Diabetes Association (ADA), the European
this issue in 1995 (IFCC WGHbA ). Thanks to the activi- Association for the Study of Diabetes (EASD), the Inter-
national 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
©2012, Editrice Kurtis the HbA,. value, an estimated average glucose (eAG)
— concentration [A.-derived average glucose (ADAG)] on
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the only valid tool for obtaining standardized HbA;.
measurements.

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

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

. All HbA values appearing in clinical guidelines as tar-
gets for glycemic control should be expressed in [FCC
units (mmol/mol), and NGSP units (%), and with a val-
ue 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 have been
aligned to the IFCC reference system by December 31,
2009.

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

e All the instruments brought onto the market after Jan-
uary 1, 2011 should report results in IFCC units
(mmol/mol) and in derived units, as in the NGSP sys-
tem (%).

* The analytical systems should not report the eAG val-
ue, calculated on the basis of the results of the ADAG
study, together with the HbA .. Laboratory profession-
als can report this finding using their laboratory com-
puter system.

e The control materials used for external quality assess-
ment (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 WGHbA . will be available to provide diagnostic
support for manufacturers during the process of align-
ment to the IFCC reference system.

In Italy, the GLAD (Gruppo di LAvoro dei Delegati) Work-

ing Group was created for this purpose. This Group es-

tablished a set of objectives, as explained below, with
recommendations for accomplishing each of these goals.

AIMS

The main aims of the Italian GLAD Working Group (A,

delegates WG) were:

e to establish the total allowable error for HbA;. mea-
surements;

e 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;

e to decide which units to be used for reporting HbA;

e to decide on the phases and timing of the process for
implementing the standardized method at the nation-
al level in Italy;

* to design strategies for a related information campaign.

The total allowable error for HbA;. measurement
The goal for the total error of a laboratory test result can
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be defined on the basis of data on the biological vari-
ability, 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 medicine) 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 the Italian GLAD Working Group 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., coefficients of variation (CV)
3.0% and biases 1.8%; or CV1% and biases 5.1%].
However, the recommendation that was agreed upon
was that imprecision should preferably be no more than
2% (12).

Recommendation no. 1

1. The goal of the total allowable erroris £6.7% (as a per-
centage fraction of the absolute HbA, . value).

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

Participating in EQAS programs, in which commutable
materials are used, and adopting HbA. values as-
signed using the IFCC reference measurement proce-
dure, are the best way to establish whether measure-
ments that are obtained meet the standards for total
error stated above.

2.
3.

Reporting average glucose based on the HbA .
measurements

Converting HbA;. measurements into average glucose
estimates might improve the understanding and inter-
pretation of the HbA values. A clinical trial prompted
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 weakness-
es 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 addi-
tion, the eAG confidence intervals were so wide that
these data would be of little clinical value. Unlike other
calculated laboratory parameters [e.g., glomerular fil-
tration rate based on the concentration of serum crea-
tinine and the individual’s gender and age; or LDL
cholesterol based on total cholesterol, 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;. val-
ue alone.

Recommendation no. 2
Reporting eAG based on HbA;. measurements using the




equation proposed by the ADAG study has many limita-
tions. Italian GLAD Working Group do not recommend
systematic use of the eAG.

Units and new numbers for HbA ;.

The IFCC reference method enables direct and spe-
cific measurement of the portion of hemoglobin that
is glycated, in particular, the terminal hexapeptides of
the B-chain of hemoglobin. To define the analyte pre-
cisely, 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 system involves
a change in units used and new reference intervals,
ie.,
e reference interval (for non-diabetic individuals) (DCCT-
aligned results): 4.0-6.0%;
e reference interval (for non-diabetic individuals) (IFCC-
aligned results): 20-42 mmol/mol.
The relationship between these two methods for report-
ing results is as follows:

HbA, (%) = [0.0915 x HbA;. (mmol/mol)] + 2.15

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 an-
other uncertainty, that has been calculated and subse-
quently 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 uncer-
tainty of 0.42 mmol/mol (0.8%), the subsequent pro-
cessing in NGSP/DCCT units will raise this uncertainty
to 0.47 mmol/mol (0.9%). Though this increase in the
uncertainty is small, it cannot be ignored.

In order to help converting DCCT-aligned HbA, values
to IFCC units we can mention the so called “Kilpatrick’s
kludge” known as “minus 2, minus 2". If the IFCC HbA,
is 9%, minus 2 [7], minus 2 [5] = 75 mmol/mol. This for-
mula works for all percentages between 4% and 13% in-
clusive. For DCCT-aligned HbA. numbers that are not
whole numbers, the “Middle’s Manipulation” is sug-
gested: multiply the DCCT value by 11, then subtract 24
from that number to get the IFCC value. For example,
for a DCCT result of 6.7%, the IFCC value is 6.7 x 11 =
73.7 minus 24 = 49.7 mmol/mol (17).

An important benefit derived from the use of mmol/mol
units is that this enables an approximate 10-fold ampli-
fication in the number that is obtained. Thus, also 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.

The result should be reported in mmol/mol and % units

derived using the conversion equation described

above

. 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
conventional units will subsequently be omitted.

2.
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Phases and timing
Recommendation no. 4

Beginning on January 1, 2011, HbA results will be ex-
pressed in units aligned with the DCCT system (%) and in
standardized IFCC units (mmol/mol). Next, beginning on
October 1, 2012, HbA. results will be expressed in IFCC
units (mmol/mol) only.

Information campaign

This paper is part of an information campaign that fo-
cuses on all stakeholders (medical laboratories, general
practitioners, diabetologists, and diabetic patients, and
all medical specialists involved in managing diabetic pa-
tients) to ensure a synchronous and smooth transition to
the new IFCC reference system throughout the country.
This campaign is conducted by all of the scientific soci-
eties and associations involved in writing this document,
using whatever means of communication they have at
their disposal (e.g., memos to members, reports at con-
ferences, 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 di-
agnostic kits for evidence of their alignment to the IFCC
reference system in order to establish, beginning with
the production process, alignment with the reference sys-
tem 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 previously mentioned limit
for total error as the analytical goal.

To ensure the alignment to the IFCC reference system
it could be advisable that Italian Laboratories add a
statement such as, for example: “HbA,. standardized
IFCC-GLAD aligned to IFCC HbA. reference system”.
This last recommendation has not been scheduled in
the original version of Italian Guidelines (18), but it could
be proposable because we still experience HbA;, re-
sults coming from different labs with variable ranges of
normality, despite being presented with both conven-
tional and standardtzed IFCC units.

Using the recommendations contained in this document
and suitable surveillance of the procedures will hopeful-
ly contribute significantly to reducing inter-laboratory vari-
ability in the measurement of HbA;., and to providing a
better service for patient care.
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