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Opinion Paper

Federica Braga* and Mauro Panteghini

Standardization and analytical goals for glycated 
hemoglobin measurement

Abstract: Glycated hemoglobin (HbA1c) plays a key role in 
diagnosing diabetes and monitoring the glycemic state. 
To guarantee the reliability of its measurement at the 
global level, the IFCC has defined a reference measure-
ment system, based on the definition of the measurand 
as hemoglobin molecules having a special hexapeptide 
in common, which is the stable adduct of glucose to the 
N-terminal valine of the hemoglobin β-chain. In addition 
to the traceability of HbA1c results to the reference sys-
tem, the establishment of analytical goals to make HbA1c 
measurements clinically reliable becomes crucial. How-
ever, allowable goals will depend on the assay specific-
ity (i.e., selectivity) and, consequently, on units in which 
HbA1c results are expressed [mmol/mol for IFCC-aligned 
systems or % for National Glycohemoglobin Standardiza-
tion Program (NGSP) converted numbers]. In this regard, 
analytical goals derived from biological variability studies 
in which the determination of HbA1c has been carried out 
by an assay providing the same selectivity for the measur-
and as defined by the IFCC are recommended. Only these 
targets should be used for evaluating the performance of 
commercial assays traceable to the IFCC system and of 
clinical laboratories using them through appropriately 
structured quality assessment schemes. Analytical sys-
tems following different calibration hierarchies (e.g., the 
NGSP-aligned assays) will require different analytical 
goals, possibly derived from clinical outcome data.
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Introduction

Glycated hemoglobin (HbA1c) is the product of non-
enzymatic reaction of condensation between the aldei-
dic group of glucose and the amino residues of some 
amino acids, mainly terminal valines, of the hemoglobin 
β-chains. The monitoring of its blood concentrations is 
central in the assessment of the degree of glyco-metabolic 
control in diabetic patients and in the risk prediction of 
vascular complications of these subjects [1]. In addition, 
HbA1c determination has recently been recommended for 
the diagnosis of diabetes mellitus [2].

As HbA1c test plays a crucial role in the monitoring 
and diagnosis of diabetes, it is essential that its clinical 
use be supported by standardized results, i.e., accurate 
and equivalent among different commercial methods 
and clinical laboratories using them. In general, this 
can be achieved by the implementation of a reference 
measurement system, based on the concept of metro-
logical traceability, together with the achievement of a 
clinically acceptable level of measurement uncertainty 
[3]. The diagnostic manufacturers should implement 
analytical systems that produce results traceable to the 
higher-order references and able to fulfil the analytical 
goals of measurement uncertainty, established on the 
basis of clinical application of the test [4]. Finally, it is 
the responsibility of clinical laboratories to continuously 
monitor the performance of commercial methods in use, 
both by the implementation of a proper internal quality 
control (IQC), checking the daily alignment of the ana-
lytical system and evaluating the assay long-term impre-
cision, and the participation in appropriately organized 
external quality assessment schemes (EQAS) [4]. In this 
paper, we have analyzed the standardization process of 
HbA1c, with special attention to approaches for establish-
ing the analytical goals of the measurement in light of the 
changes that have occurred with the implementation of 
IFCC standardization.
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IFCC reference measurement system 
for HbA1c and its implementation
To significantly reduce differences among results obtained 
by various commercial methods, in 1995 the IFCC estab-
lished a working group with the aim of standardizing the 
measurement of HbA1c at global level [5]. Starting from 
the measurand definition (i.e., hemoglobin molecules 
having a special hexapeptide in common, which is the 
stable adduct of glucose to the N-terminal valine of the 
hemoglobin β-chain), the IFCC working group has devel-
oped a complete reference measurement system for HbA1c, 
through the implementation of two equivalent reference 
methods (HPLC/mass spectrometry- and HPLC/capillary 
electrophoresis-based) highly specific for the measurand 
as defined, the characterization of primary and second-
ary calibrators and the organization of an international 
network of laboratories performing one or both refer-
ence procedures [6]. Particularly, the IFCC HbA1c network 
cooperates in assigning values to a panel of whole blood 
samples of proven commutability, which should be used 
by diagnostic manufacturers to calibrate their internal 
selected procedure and, through a protocol transferring 
the trueness, to finally assign traceable values to product 
(i.e., commercial) calibrators used in the field proce-
dures and patient samples. As a consequence, the results 
obtained on routine samples by clinical laboratories using 
the aligned analytical systems will be traceable to the ref-
erence measurement system, thus obtaining the standard-
ization of HbA1c measurement.

Before the establishment of IFCC reference measure-
ment system for HbA1c, national and regional harmoniza-
tion programs of the measurement were already in place. 
The most popular has been the U.S. National Glyco-
hemoglobin Standardization Program (NGSP), created 
to harmonize HbA1c results through the implementation 

of assay traceability to the ion-exchange HPLC method, 
originally employed in the Diabetes Control and Compli-
cations Trial (DCCT) [7]. In comparison with the previous 
situation, the definition of the IFCC reference measure-
ment system has brought about from the metrological 
point of view important and innovative improvements, 
summarized in Table 1. A first changing aspect has been 
the unequivocal definition of the ‘HbA1c’ measurand. In 
the NGSP system, HbA1c was roughly defined as the area 
under the curve of the corresponding chromatographic 
peak obtained with the before mentioned method, which 
had certainly not in itself the inherent characteristics of a 
reference method, measuring HbA1c by a simple chroma-
tographic separation based on the difference in isoelec-
tric points between HbA0 and all glycated hemoglobins. 
As mentioned, the reference methods recommended by 
IFCC are instead procedures highly specific for the meas-
urand as it has been defined [8]. In order to distinguish 
the two metrological systems and to avoid confusion of 
values if expressed in similar units the measurement 
unit of the IFCC system was changed from percentage to 
mmol/mol [9].

In practice, the transition from one system to 
another has, however, been not easy, especially because 
all the main data supporting the clinical use of HbA1c 
have been obtained using assays aligned to the NGSP 
system [4, 10]. It was thus sought to establish a kind of 
‘clinical relationship’ between NGSP and IFCC systems 
in order to transfer decision limits and the clinical 
experience gained with the NGSP-aligned assays to the 
new IFCC system. From this need arose, by a series of 
experiments repeated over the years, the so-called IFCC-
NGSP ‘master equation’ (ME) [NGSP (%) = 0.09148 × IFCC 
(mmol/mol)+2.152], which expresses the correlation 
between the two systems and has allowed the conver-
sion of analytical and clinical data from one system to 
another [10, 11].

Table 1 Main differences from the metrological point of view between the US National Glycohemoglobin Standardization Program (NGSP) 
and the IFCC reference measurement system for HbA1c.

Feature NGSP system IFCC system

Measurand 
definition

Area under the curve of the 
chromatographic peak

Molecules of hemoglobin having a special hexapeptide in common, which is 
the stable adduct of glucose to the N-terminal valine of the hemoglobin β-chain 
(βN1-deoxyfructosyl-hemoglobin)

Reference 
method

Ion-exchange HPLC (Biorex 
70 column)

Proteolytic digestion (by endoproteinase glu-C) of the N-terminal hemoglobin 
β-chain, HPLC separation of glycated and non-glycated N-terminal hexapeptides, 
and their quantification using mass spectrometry or capillary electrophoresis

Units for result 
expression

% Millimoles of glycated hemoglobin β-chain per moles of hemoglobin β-chain 
(mmol/mol) [in agreement with the International System (SI) of measurement]
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Measurand definition
(SI UNIT) 

Combined standard
uncertainty (uC)

uC 0.63%

uC 1.18%

uC 1.67%

uC 1.94%

uC 1.95% (@ 64 mmol/mol)

uC 1.95% (@ 53 mmol/mol)

uC 1.95% (@ 42 mmol/mol)

Result
IFCC unit, mmol/mol

Result
NGSP unit, %

Master
equation

Diagnostic manufacturers

Primary calibrator
(HbA0, HbA1c)

Secondary
calibrator

(blood panels)

IFCC Reference
procedures 

Manufacturer’s
working calibrator 

Routine sample

Manufacturer’s
product calibrator 

Manufacturer’s
selected procedure

IFCC Standardized
routine procedure

Traceability 

Accredited reference laboratories

Manufacturer’s
standing procedure

End Users 
(Clinical laboratories)

Figure 1 HbA1c reference measurement system and associated combined standard uncertainty.
NGSP, National Glycohemoglobin Standardisation Program; SI, International System of Measurement.

The use of the ME to convert individual results of HbA1c 

from mmol/mol to % (and vice versa) presents, however, 
some limitations that should be considered by users of 
commercial assays. It is known that moving along the 
metrological traceability chain, i.e., using methods that 
are less and less accurate, but of greater practicality, and 
calibrators having matrix similar to that of biological 
samples, a progressive increase in the combined standard 
uncertainty of the measurement is observed. The conver-
sion of results from mmol/mol to % adds an additional 
(although small) source of uncertainty to the result when 
expressed as a percentage. The independent variable (x) 
of ME represents the HbA1c result obtained by the commer-
cial method traceable to the IFCC reference system. This 
value already has its own uncertainty, which is mainly due 
to the sum of the uncertainty of the commercial method 
used to obtain it and uncertainties accumulated in the 
higher parts of the traceability chain. If this result is con-
verted to NGSP units (%) by the use of ME, to the described 
combined uncertainty one has also to add that relating to 
slope and intercept estimates of the regression equation. 
Geistanger et  al. [12] estimated the average increase of 

uncertainty that occurs with the use of such conversion, 
showing that the relative standard uncertainty added to 
HbA1c results with the ME transformation may vary from 
0.05% to 0.20%, depending on the HbA1c concentration. To 
better understand this issue, Figure 1 shows in detail the 
traceability chain of the HbA1c measurement and the asso-
ciated combined standard uncertainty. In the example, the 
values of uncertainties attributable to primary and second-
ary calibrators are those indicated in the original work of 
Jeppsson et al. [8] (0.63% and 1.00%, respectively) and the 
uncertainty attributable to the manufacturer’s product cal-
ibrator is that declared by Roche Diagnostics for the C.f.a.s. 
calibrator employed on the Cobas Integra system for the 
Tina-quant HbA1c gen. 2 immunoturbidimetric method, 
equal to 1.18% [13]. Finally, the uncertainty estimate of the 
measurement obtained with the routine procedure derives 
from the yearly average imprecision (expressed as CV) of 
the above-mentioned method (2.0%), used in the clinical 
laboratory of the ‘Luigi Sacco’ hospital in Milan (Italy), 
divided by 2.

The second limitation is inherent to the differ-
ent analytical selectivity of the two measuring systems 
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(NGSP and IFCC), which is confirmed by the presence 
of a significant intercept in the ME (2.152). If the used 
methodology has different specificity for the measured 
analyte, one can expect that also the biological variabil-
ity, a property closely associated with the characteristics 
of the analyte itself, significantly changes [14]. And, if 
the biological variability changes, the analytical goals 
derived from it may be different.

Analytical goals for HbA1c 
measurement
In addition to the definition of the reference measurement 
system, it is crucial to define the analytical goals for the 
HbA1c measurement to make its determination clinically 
usable and to ensure that the measurement error does not 
prevail. Otherwise this may obscure the clinical informa-
tion supplied by the result [15, 16]. In the conference held 
in 1999 in Stockholm, under the auspices of IFCC and Inter-
national Union of Pure and Applied Chemistry (IUPAC), a 
hierarchy of sources for deriving the analytical goals of a 
laboratory measurement and defining quality specifica-
tions in Laboratory Medicine was defined [17]. Using the 
established consensus, the best scientific approach of 
defining analytical performance goals should rely on (in a 
hierarchical order): 1) the evaluation of the effect of analyti-
cal performance on clinical outcome in the specific clinical 
setting (e.g., clinical misclassification); 2) data based on 
components of biological variation of the analyte; 3) data 
based on experts’ opinion and published recommenda-
tions; and, if the previous information is lacking, 4) goals 
set by regulatory bodies and EQAS organizers or based on 
the current state of the art of the measurement.

In principle, analytical goals derived from experimen-
tal studies assessing the clinical impact of methodological 
performances are difficult to obtain in practice, with the 
result that there are few examples available in laboratory 
medicine [18]. For HbA1c, a simulation based on the DCCT 
results has been suggested [19]. As in this study patients 
in poor glycemic control had HbA1c concentrations  > 8.0%, 
while those in good glycemic control had values  < 7.0%, it 
has been estimated that to properly classify an individual 
with an HbA1c value of 7.5%, the measurement error should 
not exceed  ± 0.5% (as absolute value of HbA1c), amount-
ing to a relative total error (TE) of  ± 6.7% (0.5%/7.5%) [20]. 
Indeed, if the measurement error is greater, a patient with 
an HbA1c of 7.5% would be indifferently classified in both 
glycemic control categories (good or poor) and this obvi-
ously would not be acceptable. This approach has been 

endorsed in Italy by the A1c Delegates Working Group 
(GLAD) in their document published in 2010 [16].

As direct experimental data on the impact of HbA1c 
measurement quality on clinical outcome are lacking, it 
is possible to derive analytical goals from biological varia-
tion components of the analyte [21]. It is now usual in our 
profession to derive this information from the database 
available on the website www.westgard.com/biodata-
base1.htm, where there is a dedicated section showing, for 
each analyte, intra- (CVI) and inter-individual (CVG) bio-
logical variability components, derived from data avail-
able in the literature, and the corresponding desirable 
targets for imprecision, bias and TE. In order to check the 
reliability of this information, we systematically analyzed 
the results of all the experimental studies on HbA1c bio-
logical variation available in literature [14]. According to 
Fraser and Harris [22], our evaluation criteria were the type 
of enrolled subjects, frequency and number of blood sam-
pling, way of sample storage until analysis (if any), ana-
lytical selectivity of employed methods and approaches 
used for statistical derivation of data. Quite unexpectedly, 
the analysis showed that none of available studies could 
be considered scientifically reliable to use their biological 
variability results for the derivation of analytical goals for 
the HbA1c measurement [14].

The third level in the IFCC/IUPAC hierarchy of strate-
gies to derive analytical goals is occupied by recommenda-
tions given by international and national expert groups. 
This is evidently a more subjective approach if compared 
with the previous ones, usually based on consensus. For 
HbA1c, both an Australian working group and the Italian 
GLAD used this strategy to recommend a target for analyti-
cal imprecision (as CV) of  < 2.0% [16, 23].

The analytical goals established by EQAS organizers 
and those derived from state of the art of the measurement 
fill the lowest position in the hierarchy, being undoubt-
edly the source more tautological and less suitable for the 
improvement of measurement quality. Carobene et al. [24] 
have clearly shown that if analytical goals are exclusively 
defined by state of the art of performances obtained from 
EQAS, the criteria for acceptability of results adopted by 
different EQAS providers would be different. Furthermore, 
it is important to consider that control materials used in 
many EQAS are usually not commutable, i.e., they do 
not behave in the same way of biological samples [25]. 
In general, all those issues lead to a wide heterogeneity 
and a poor scientific background of the acceptability cri-
teria employed in different EQAS [26]. This is certainly a 
problem, especially considering the importance that these 
programs should have in evaluating and monitoring the 
performance of clinical laboratories.
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Table 2 Comparison between data of HbA1c biological variation and derived analytical goals obtained in the study in [29] and those  
available on the web site www.westgard.com/biodatabase1.htm.

Reference CVI CVG Imprecision (CV), % Bias, % Total error, %

O D M O D M O D M

Braga et al. [29] 2.5% 7.1% 0.63 1.25 1.88 0.94 1.88 2.82 1.97 3.94 5.92
www.westgard.com 1.9% 5.7% 0.50 0.95 1.45 0.75 1.50 2.25 1.50 3.00 4.60

CVI, intra-individual biological variation; CVG, inter-individual biological variation; D, desirable quality level; M, minimum quality level; O, 
optimum quality level.

With regard to HbA1c measurement, the situation 
is further complicated by previously mentioned differ-
ence in analytical selectivity of IFCC and NGSP systems. 
Weykamp et al. [27] have elegantly demonstrated with a 
simple mathematical reasoning that analytical goals for 
HbA1c related to NGSP and IFCC systems are different. This 
consideration is applicable to all cases in which the results 
of a measuring system are related to those of another one 
by means of a conversion equation having an intercept 
significantly different from zero, which reflects a differ-
ent analytical selectivity between the two systems. In their 
simulation, the authors converted by ME the percentage 
(NGSP) results of a study on HbA1c biological variation to 
mmol/mol (IFCC) unit and estimated, for both systems, the 
two biological variability components, i.e., CVI and CVG. 
The results showed that these components were higher 
using the IFCC system (2.9% and 7.3%, respectively) than 
for NGSP system (1.6% and 4.1%, respectively), giving rise, 
consequently, to different analytical goals.

In the derivation of data on the HbA1c biological vari-
ation it is therefore essential to focus on the selectivity of 
the employed analytical method. All studies evaluated 
in the above-mentioned review [14], except one, assayed 
a measurand different from that defined by IFCC, also 
including in the measurement hemoglobins glycated on 
sites different from N-terminal valine of β-chain. The only 
study using an immunoturbidimetric assay, selective for 
the measurand as defined by IFCC, unfortunately did 
not meet many of other established quality criteria [28]. 
Considering the evident lack of definitive data, we have, 
therefore, experimentally revaluated the biological vari-
ability of HbA1c, using an assay of which we had previ-
ously checked the perfect alignment to the IFCC reference 
system [29]. Table 2 shows the obtained results compared 
with those available at www.westgard.com/biodatabase1.
htm (accessed November 2012), derived from more het-
erogeneous and less controlled sources. As previously 
noted [14], the data related to the HbA1c biological vari-
ability reported in this database are apparently obtained 

from the mean of results of some studies available in lit-
erature. Moreover, it is impossible to understand the crite-
rion of the study evaluation and data selection, so that the 
reported data have been an object of perplexity [14, 30, 31], 
which, for HbA1c, we think have been, at least partly, the 
reason of a change in the associated CVI in this database, 
which from 3.4% in 2010 has been recently (2012) reduced 
to 1.9%, likely on the basis of the expressed criticisms.

The impact of the issue related to the analytical selec-
tivity for the measurand can be highlighted also for ana-
lytical goals derived from clinical outcome, on the basis of 
the previously reported simulation [20]. Indeed, if NGSP 
decision levels in percentage (7.0% and 8.0%) are replaced 
with the corresponding values in mmol/mol, obtained 
using ME (53 and 64 mmol/mol), to avoid a misclassifica-
tion the HbA1c of a subject with 58.5 mmol/mol should be 
measured with a maximum TE of  ± 9.4% (5.5/58.5), a goal 
larger than that calculated using data expressed in NGSP 
units ( ± 6.7%).

Performance evaluation of HbA1c 
methods and of laboratories using 
them
After defining the reference measurement system (i.e., the 
full traceability chain) and analytical goals, both essential 
to make the measurement clinically acceptable, and imple-
menting by diagnostic manufacturers analytical systems 
(including platform, reagents, calibrators and control 
materials for checking the system alignment) that meet 
the established traceability and quality requirements, it is 
responsibility of end users (i.e., clinical laboratories) and, 
more in general, of our profession to verify and monitor 
the performance of commercially available systems and 
of laboratories that perform measurements in clinical 
setting [3, 26]. From this point of view, the availability of 
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a IQC material allowing to check and confirm the system 
alignment in daily practice (CE-marked devices should 
produce results virtually unbiased compared to the estab-
lished reference system) and of an appropriately struc-
tured EQAS (true value in commutable materials), able 
to provide objective information on the analytical quality 
of measurements performed by participating laborato-
ries, are essential requirements [32]. However, as already 
mentioned, current EQAS programs are often inadequate 
for assessing the traceability of HbA1c results obtained by 
clinical laboratories. Particularly, the commutability of 
employed control materials is not validated and only the 
mean (or other indicators of central tendency) of specific 
method- or commercial system group’s results is used for 
the performance evaluation of participating laboratories, 
without assigning values (and corresponding uncertainty) 
to EQAS materials by the reference measurement proce-
dure. From this point of view, it should be noted that the 
accredited laboratories listed in the database of Joint Com-
mittee for Traceability in Laboratory Medicine (JCTLM), 
which are able to deliver a reference measurement service 
to interested customers according to the specified ana-
lytical requirements for IFCC reference procedures, may 
provide results within tolerable uncertainty [33]. The 
assignment of the true value to EQAS commutable materi-
als, along with the application of the clinically acceptable 
TE limits, is the only approach that allows an objective 
evaluation of the analytical quality of HbA1c measure-
ments by a competence classification of clinical laborato-
ries participating in the program based on the accuracy 
of their performance. An example of the effectiveness of 
this approach has been recently provided for the measure-
ment of serum creatinine [34].

An outlook
In this paper we have tried to clarify the most important 
issues related to the HbA1c measurement after the imple-
mentation of standardization to the IFCC reference meas-
urement system. Overall, a greater attention to scientific 
aspects and to quality of the used approaches is undoubt-
edly evident, with a more correct application of the  
metrological approach (beginning with the ‘measurand’ 
definition), the definition of more evidence-based ana-
lytical goals and the more objective evaluation of labora-
tory performances. This does not mean that the optimal 
situation has been reached. For instance, by analyzing the 
combined standard uncertainty of the current traceability 
chain for HbA1c, as depicted in Figure 1, it is clear that the 

relative combined standard uncertainty associated with 
the measurement of a biological sample (approx. 2.0%), 
which corresponds to an expanded uncertainty equal to 
approximately 4.0% [obtained by multiplying the com-
bined standard uncertainty by a coverage factor of 2 (95% 
level of confidence)], is still  > 2 times the minimum accept-
able target that, for unbiased results, would be   ≤  1.88% 
(minimum quality level goal for imprecision in Table 2). 
As already highlighted for other important laboratory 
parameters requiring high analytical quality [35], further 
advances are probably needed, from one hand to reduce 
uncertainty associated with higher-order metrological ref-
erences (reference materials and procedures) and on the 
other hand to increase the precision of commercial HbA1c 
assays. One possibility would be to reduce uncertainties 
related to the certified purities/concentrations or mass 
fractions of HbA1c and HbA0 preparations used as primary 
calibrators, taking advantage of the fact that those origi-
nally prepared in cooperation between IFCC and Insti-
tute for Reference Materials and Measurements (IRMM) 
(i.e., IRMM/IFCC 466 and 467 [36]) are now exhausted. In 
addition, the preparation by a reference institution (e.g., 
IRMM or Japanese Reference Material Institute for Clinical 
Chemistry Standards) of a stable and commutable second-
ary reference material, accurately characterized in agree-
ment with the ISO 15194 standard [37], would be desirable 
to reduce the uncertainty associated with the metrological 
chain. In conjunction, a performance improvement of the 
reference procedure used to assign values to this material 
should be achieved. With regard to this, in 2008 Kaiser 
et al. [38] proposed an important modification of the IFCC 
reference procedure based on HPLC-mass spectrometry, 
introducing an optimization of operative conditions to 
significantly reduce the uncertainty of the procedure. 
More recently, the same group has tried an alternative 
way to improve the analytical reproducibility by propos-
ing a procedure always based on liquid chromatography-
isotope dilution mass spectrometry, but calibrated with 
synthetic hexapeptides [39]. It should be, however, noted 
that such approach measures the ratio between glycated 
and non-glycated peptides and not the ratio between the 
respective hemoglobins from which the peptides derive  
(enzymatic digestion not included), as IFCC reference 
methods do. In this way, only a part of the measurement 
process is covered, introducing a change in the measur-
and definition. This could explain the significant bias 
(3.4% on average) recorded in the comparison between 
the new method and the original IFCC procedure [39].

As mentioned several times in this paper, the imple-
mentation of the traceability of HbA1c results should 
be associated with the univocal definition of limits of 
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clinical acceptability of the measurement error. In this 
regard, according to data of the study on biological 
variability previously mentioned [29], we would like to  
recommend (approximating) an analytical goal for 
imprecision (total CV) of  < 2.0% along with a maximal 
allowable bias of  ± 2.8%. These limits can reasonably 
represent a good compromise as minimum quality 
specifications for the HbA1c measurement. The first one 
can also represent the expanded uncertainty budget 
on which to base the performance specifications of ref-
erence procedures. By convention, these procedures 
should work with a measurement uncertainty at most 
equal to one third of the total budget [40] (so, in the case 
of HbA1c around 0.7%). The maximal allowable bias rep-
resents the allowable systematic deviation limit of the 
calibration of commercial methods above which a rea-
lignment process to the higher-order metrological refer-
ences of the calibrator’s value should be implemented 
by the manufacturer. An allowable maximum TE of  ± 6% 
to be applied in EQAS programs would be consistent 
with the above proposed limits for imprecision and bias. 
EQAS need a ‘Copernican’ change to contribute to ensure 
and possibly improve the reliability of HbA1c results. As 

previously mentioned, no EQAS programs currently 
available for HbA1c fulfil all the requirements necessary 
for an objective evaluation of the performance of indi-
vidual participating laboratories (Table 3). The fact that 
at least some of such programs meet these criteria must 
become a priority.
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