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BACKGROUND: The IFCC Reference Measurement Sys-
tem for hemoglobin (Hb)A1c (IFCC-RM) has been
developed within the framework of metrologic trace-
ability and is embedded in a network of 14 reference
laboratories. This paper describes the outcome of 12
intercomparison studies (periodic evaluations to con-
trol essential elements of the IFCC-RM).

METHODS: Each study included: unknown samples (to
test individual network laboratories); known samples
(controls); recently manufactured calibrators (to check
calculated assigned value); stored calibrators (to test
stability) and a calibration-set (to calibrate the IFCC-
RM). The unknown samples are measured by use of the
IFCC-RM and the designated comparison methods
[DCMs; the National Glycohemoglobin Standardiza-
tion Program (NGSP) in the US, Japanese Diabetes
Society/Japanese Society for Clinical Chemistry (JDS/
JSCC) in Japan, and Mono-S in Sweden] are used to
investigate the stability of the Master Equation (ME),
the relationship between IFCC-RM and DCMs.

RESULTS: A total of 105 IFCC-RM data sets were
evaluated: 95 were approved, 5 were not, and for 5
no data were submitted. Trend analysis of the MEs,
expressed as change in percentage HbA1c per year,
revealed 0.000% (NGSP, not significant), �0.030%,
(JDS/JSCC; significant) and �0.016% (Mono-S; not
significant). Evaluation of long-term performance re-

vealed no systematic change over time; 2 laboratories
showed significant bias, 1 poor reproducibility. The
mean HbA1c determined by laboratories performing
mass spectrometry (MS) was the same as the mean de-
termined by laboratories using capillary electrophore-
sis (CE), but the reproducibility at laboratories using
CE was better. One batch of new calibrators was not
approved. All stored calibrators were stable.

CONCLUSION: A sound reference system is in place to
ensure continuity and stability of the analytical anchor
for HbA1c.
© 2008 American Association for Clinical Chemistry

Hemoglobin A1c (HbA1c)
12 is the most important

marker for long-term assessment of the glycemic state
in patients with diabetes (1 ). Goals for therapy are set
at specific HbA1c target values (2 ), and the importance
of standardization of HbA1c measurement has been
well recognized, as reflected by the establishment of
national designated comparison methods (DCMs): the
National Glycohemoglobin Standardization Program
(NGSP) in the US (3 ), the Japanese Diabetes Society/
Japanese Society for Clinical Chemistry (JDS/JSCC) in
Japan (4 ), and Mono-S in Sweden (5 ). A disadvantage
of DCMs is that they are based on arbitrarily chosen
analytical methods, with results in arbitrary units. In-
ternational support is increasing for standardization of
laboratory tests that requires a reference system based
on the concept of metrologic traceability: the trace-
ability chain (6, 7 ). The traceability model is described
in an ISO document that forms the basis for the Euro-
pean Directive on In Vitro Diagnostic Devices (8, 9 ).
To begin establishing a system for traceability, the
IFCC Working Group on Standardization of HbA1c de-
veloped a reference system for HbA1c in which HbA1c is
defined as the stable adduct of glucose to the N-terminal
valine of the �-chain of hemoglobin (10). Mixtures of
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pure HbA1c and pure HbA0 are prepared as primary
calibrators (11) for the reference method (RM) (12),
which has been approved by member societies of the
IFCC (13). Relationships between values derived from
the approved IFCC RM for HbA1c (IFCC-RM) and
the respective DCMs, termed master equations (ME),
have been established (14). A recently signed Consensus
Statement by the American Diabetes Organization,
European Association for the Study of Diabetes, Interna-
tional Diabetes Federation, and IFCC states that the
IFCC-RM represents the only valid anchor to implement
standardization and also that HbA1c results be repre-
sented worldwide in IFCC Units (mmol/mol) and de-
rived NGSP units (%) using the IFCC-NGSP master
equation (15). To maintain continuity the IFCC-RM has
been embedded in a network of approved reference labo-
ratories. The network is coordinated by a network coor-
dinator who organizes periodic (twice a year) studies to
investigate the validity of the essential elements of the
reference system. These periodic evaluations, termed in-
tercomparison studies, are the cornerstone of the work
described in this paper. Intercomparison studies are de-
signed to meet 5 essential aims: (a) joint approval of net-

work laboratories; (b) evaluation of reproducibility in the
relation between the IFCC-RM and DCMs; (c) value as-
signment and expanded uncertainty; (d) evaluation of
long-term trend, bias, and reproducibility of network
laboratories; and (e) assessment of reproducibility and
stability of calibrators and controls. This paper describes
the outcome of the 12 intercomparison studies per-
formed between 2001 and 2006.

Materials and Methods

DESIGN

This intercomparison study was performed with cali-
brators and patient specimens. Once a year a 6-level
batch of calibrators is manufactured in the ISO 9001:
2000 certified laboratory of the Network Coordinator
by mixing pure HbA1c and pure HbA0 (11 ). After man-
ufacture, calibrators are included in the intercom-
parison study as “new calibrators” and measured as
samples. The measured HbA1c is compared with the
HbA1c calculated from the mixed amounts of pure
HbA1c and HbA0 and if there is a good match (criteria
in Table 1) the batch is approved. In the second year the

Table 1. Reproducibility and stability calibrators and controls.

Calibrators

Calibrator range, mmol/mol HbA1c in 10 batches

A B C D E F

Maximum allowable difference 0.0–0.0 28.1–29.6 54.4–59.7 86.1–88.1 115.4–119.6 140.0–147.3

(Measured minus calculated
HbA1c)

�0.8 �0.9 �1.2 �1.7 �2.3 �2.9

Production control new calibrators
(n � 10)

Range observed differences -0.1 to 0.0 �0.2 to �0.8 �0.5 to �3.6a �1.6 to �1.4 �1.3 to �2.1 �1.8 to �1.9

Mean difference �0.1 �0.5 �0.4 �0.3 �0.4 �0.3

Stability control old calibrators
(n � 5)

Range observed differences �0.1 to �0.6 0.0 to �1.2 �1.0 to �1.6 �0.9 to �1.2

Mean difference �0.4 �0.6 �0.1 �0.5

Controls

Control range, mmol/mol HbA1c in 12 batches

Low (30.0–33.4) High (82.2–93.9)

After 1 year After 2 years After 1 year After 2 years

Maximum allowable difference �0.7 �0.7 �1.3 �1.3

(Measured minus previous measured HbA1c)

Range observed differences �0.2 to �0.3 �0.7 to �1.0b �0.7 to �0.3 �0.8 to �0.4

Mean difference 0.0 �0.2 �0.1 �0.2

a In 1 of 10 batches the maximum allowable difference was exceeded.
b In 1 case the maximum allowable difference was exceeded.
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(approved) batch is included as the “calibrator-set”.
In the third year the batch is included as “old cali-
brators” and again analyzed as sample (stability
check). Thus, vials of 3 different batches of calibra-
tors are included in each intercomparison study. Anal-
ogous to the president-elect, president, and past-
president in organizations, there is a calibrator-elect, a
calibrator, and a past-calibrator to ensure continuity
and quality. The second type of samples are speci-
mens derived from donated patient samples (11 ), 5
samples with unknown HbA1c for the purpose of ap-
proval of the network laboratories and 4 samples with
known HbA1c, 2 of which were manufactured 1 year
before and 2 manufactured 2 years before, as controls.
The 5 samples with unknown HbA1c are also assayed by
the respective DCM networks to evaluate the repro-
ducibility of the ME. Data are presented for 12 consec-
utive studies. All specimens are shipped on dry ice to
the participating laboratories (14 ). All calibrators and
specimens are stored at �84 °C.

MATERIALS AND METHODS AND UNITS

The IFCC Network Laboratories used the IFCC-RM
(12, 13 ). DCMs used the national reference methods:
3 JDS/JSCC network laboratories in Japan (16 ), 8
NGSP network laboratories in the US (17 ), and 1

Mono-S reference laboratory in Sweden (5 ). Accord-
ing to the Consensus Statement (15 ), HbA1c is ex-
pressed as mmol HbA1c/mol Hb for the IFCC-RM and
as percentage HbA1c (%HbA1c) for the DCMs.

STATISTICS AND NETWORK RULES

The performances of laboratories in each intercom-
parison study were evaluated according to statistical
rules for networks of reference laboratories (18 ). In
essence these rules are derived from a robust approach
with all of the intercomparison samples examined to-
gether, allowing proportional and constant bias to be
calculated. Mathematically, the differences between
the results of an individual laboratory and the overall
median are plotted against the overall median of the
network laboratories, and the slope (proportional bias)
and intercept (constant bias) are calculated from the
linear relation. Slope and intercept together determine
a criterion that is expressed as a graph (Fig. 1). The
criterion for approval is fixed and set empirically: a
laboratory is approved when the joint CI of constant
and proportional bias is within the 95% CIs as derived
from the first 6 intercomparison studies.

The relations between IFCC-RM and DCMs were
evaluated using a method based on linear regression

Fig. 1. Approval ellipse intercomparison study.

Proportional and constant bias are plotted on the x- and y-axis, respectively. Individual laboratories are represented by dots
(HPLC-MS) or triangles (HPLC-CE). The ellipse is the graphical representation of criteria for approval (laboratories within the
ellipse are approved).
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analysis, using the formula: y � ax � b, in which x is
the concentration HbA1c of the IFCC-RM and y � the
%HbA1c of the respective DCM. The uncertainty in
the relation is determined by the uncertainty in the
ME, and the uncertainties in the outcome of the IFCC-
network and DCM networks in the individual studies.
This protocol implies that the CI is variable from study
to study. In addition, the CI varies with the HbA1c con-
centration. To examine the trend in the relationship
between IFCC-RM and DCMs, a Shewhart chart with
variable limits can be constructed (unpublished data).
This report includes a chart for the defined target for
diabetic control (53 mmol/mol).

Assigned values and the expanded uncertainty of
specimens are calculated according to (18 ).

To evaluate long-term performance of individual
network laboratories, we included data from the last 8
intercomparison studies (4 laboratories were not ap-
proved at the time of the first 4 studies).

The criterion to approve a new batch of calibra-
tors, and stability of calibrators of stored batches is
the maximum allowable difference between calculated
and measured HbA1c, defined as the combined uncer-
tainty in the calculated and measured HbA1c concentra-
tions at the 95% confidence level (19). The criterion to
approve stability of controls is the maximum allowable
difference between assigned value and HbA1c measured
after 1 and 2 years of storage, defined as the uncertainty
in the assigned value at the 95% confidence level (19).

For purpose of the evaluation of the network, spe-
cific statistics have been developed (18, 19, and un-
published data). The statistics are implemented in R,
a software environment for statistical computing and
graphics, and an Excel add-in to import the results
submitted by the network laboratories, as well as an R
add-on package that contains functions specially de-
fined for the analysis of the network.

It is the policy of the IFCC Working Group to
have 8 –15 approved network laboratories distributed
in a number of countries. Network laboratories partic-
ipate twice a year in an intercomparison study to dem-
onstrate their competence. A laboratory wishing to be a
reference laboratory first becomes a candidate refer-
ence laboratory and has to meet the defined analytical
criteria in 2 consecutive intercomparison studies to
gain the status of approved network laboratory. An ap-
proved network laboratory loses the status of approved
network laboratory when it fails (or does not submit
results) in 2 consecutive studies. A meeting is organized
once a year for the network laboratories to exchange
knowledge and discuss problems. The educational
part of the network statistics helps laboratories that
fail these criteria to identify the source of their
problems.

Results

APPROVAL OF NETWORK LABORATORIES

A typical example of an approval ellipse from an inter-
comparison study is shown in Fig. 1. Thirteen labora-
tories (5 HPLC-MS and 8 HPLC– capillary electro-
phoresis) submitted results. Twelve of these results
were within the ellipse indicating that these laborato-
ries met the performance criteria and were approved.
One laboratory failed. Fig. 1 also illustrates the phe-
nomenon that a positive constant bias is associated
with a negative proportional bias and vice versa. Linear
regression analysis of data in 12 intercomparison stud-
ies revealed that this correlation is statistically signifi-
cant: r � 0.765 (P �0.05) and y � 0.733x � 0.02 (x �
the proportional bias and y the constant bias).

REPRODUCIBILITY AND TREND IN THE RELATION BETWEEN

IFCC-RM AND DCMS

The relation between IFCC-RM and DCMs is ex-
pressed by the equation y � ax � b, in which y is the
HbA1c value of a DCM, x is the HbA1c value measured
by the IFCC-RM, a is the slope, and b is the intercept.
The median r value in the 12 studies was 0.9990
(NGSP), 0.9984 (JDS/JSCC), and 0.9985 (Mono-S).
The “Equations and individual studies” section of
Table 2 shows slope, intercept, and %HbA1c (calcu-
lated at 53 mmol/mol, the defined target for diabetic
control) for the 12 intercomparison studies for the re-
spective DCMs.

The “Master Equations ” section (Table 2) shows
ME4 and ME12. ME4 is the mean relation between
IFCC-RM and DCMs based on results of the first 4
intercomparison studies (14 ). ME12 is calculated
from all 12 intercomparison studies.

The “Trend Analysis ” section deals with the trend
in the IFCC-RM DCM relation and is expressed as
%HbA1c/year over the period 2001–2006.

The Shewhart chart in Fig. 2 allows inspection of
whether the relation of IFCC-RM and DCMs in each
of the individual intercomparison studies is signifi-
cantly different from the published ME. Observations
within the limits (NGSP) imply compliance of those
studies with the ME. Observations just outside or close
to the limits (JDS studies 2003–2, 2005–2, 2006 –1,
2006 –2 and Mono-S 2002–2) suggest non- and bor-
derline compliance, respectively.

VALUE ASSIGNMENT AND EXPANDED UNCERTAINTY

In 8 intercomparison studies, values have been assigned
to 40 samples with HbA1c concentrations from 32–
121 mmol/mol. At the lower HbA1c concentrations
(30 – 40 mmol/mol HbA1c), the mean (range) ex-
panded uncertainty (k � 2) was 0.6 (0.4 – 0.8) mmol/
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mol; in the middle HbA1c concentrations (50 –
70 mmol/mol) it was 1.0 (0.8 –1.2) mmol/mol; and at
higher concentrations (80 –120 mmol/mol) it was 1.5
(1.0 –2.0 mmol/mol).

LONG-TERM TREND, BIAS, AND REPRODUCIBILITY RESULTS FOR

NETWORK LABORATORIES

Table 3 shows the results of long-term evaluation of the
network laboratories. Trend is expressed as the HbA1c

change (mmol/mol) per year of an individual labora-
tory. Bias is expressed as the differences between the
mean HbA1c value of a laboratory and that of the net-
work mean in 8 intercomparison studies. Reproduc-
ibility is expressed as the SD of differences between a
laboratory and the network-mean in the 8 intercom-
parison studies. Statistical significance is evaluated
with linear regression analysis (trend), t-test (bias),
and F-test (reproducibility). An evaluation of 8 inter-
comparison studies conducted between 2003 and 2006
(at an HbA1c concentration of 53 mmol/mol), re-
vealed that the trend over time (Table 3, column 2)

ranges from �0.5 to �0.4 mmol/mol HbA1c /year. Re-
gression analysis shows that there is no significant
trend for any of the network laboratories. Bias (Table 3,
column 3) of network laboratory 2 (�0.8 mmol/mol)
is statistically significantly higher than the network-mean,
whereas the bias of network laboratory 4 (�0.9 mmol/
mol) has a significantly lower outcome. Reproducibility
(Table 3, column 4) ranges from 0.1–1.4 mmol/mol.
Seven network laboratories have a very low variation (SD
�0.4 mmol/mol) in their difference from the network-
mean. Laboratory 3 has a statistically significant higher
variation (SD 1.4 mmol/mol).

REPRODUCIBILITY AND STABILITY CALIBRATORS

AND CONTROLS

The upper part of Table 1 shows essential data describ-
ing the reproducibility test of new batches of calibra-
tors and summarizes the stability test of old calibrators.
From 2000 –2006, 10 batches of 6-concentration sets
of calibrators were manufactured. To check the as-
signed value, new calibrators are measured as samples,

Table 2. Relationship and trend relationship between IFCC-RM and DCMs.

Studies

USA (NGSP) Japan (JDS/JSCC) Sweden (Mono-S)

8 Network laboratories 3 Network laboratories 1 Network laboratory

Slope Intercept %HbA1c Slope Intercept %HbA1c Slope Intercept %HbA1c

Equations and individual studies

Marrakech (2001–1) 0.0926 2.14 7.05 0.0934 1.76 6.71 0.1008 0.90 6.24

Chicago (2001–2) 0.0926 2.05 6.96 0.0926 1.67 6.58 0.0941 1.09 6.08

Kyoto-1 (2002–1) 0.0906 2.21 7.01 0.0920 1.78 6.66 0.1002 0.78 6.09

Kyoto-2 (2002–2) 0.0912 2.17 7.00 0.0943 1.68 6.68 0.0968 1.15 6.28

Barcelona-1 (2003–1) 0.0905 2.23 7.03 0.0912 1.78 6.61 0.0964 0.95 6.06

Barcelona-2 (2003–2) 0.0897 2.21 6.96 0.0916 1.70 6.55 0.0963 0.92 6.02

Los Angeles-1 (2004–1) 0.0901 2.24 7.02 0.0880 1.95 6.61 0.0949 1.10 6.13

Los Angeles-2 (2004–1) 0.0907 2.23 7.04 0.0911 1.73 6.56 0.0997 0.91 6.19

Orlando-1 (2005–1) 0.0913 2.15 6.99 0.0892 1.84 6.57 0.0961 1.01 6.10

Orlando-2 (2005–2) 0.0924 2.07 6.97 0.0928 1.63 6.55 0.0998 0.81 6.10

Amsterdam-1 (2006–1) 0.0890 2.28 7.00 0.0866 1.89 6.48 0.0968 0.89 6.02

Amsterdam-2 (2006–2) 0.0932 2.10 7.04 0.0932 1.59 6.53 0.0989 0.87 6.11

CV 12 Studies 1.4% 3.3% 0.5% 2.5% 6.1% 1.0% 2.3% 12.3% 1.3%

MEs

ME 4 0.0915 2.15 7.00% 0.0927 1.73 6.64% 0.0989 0.88 6.12%

ME 12 0.0912 2.17 7.00% 0.0913 1.75 6.59% 0.0976 0.95 6.12%

Trend analysis

Trend %HbA1c /Year �0.001% �0.030%a �0.016%

a Statistically significant (linear regression; P �0.05).
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and outcome is compared with the HbA1c calculated
from the weighed amounts pure HbA1c and pure
HbA0. The mean difference between measured and
weighed HbA1c ranges from �0.4 to �0.5 mmol/mol
in the respective levels. The maximum allowable dif-
ference was exceeded only once (3.6 mmol/mol ob-
served vs 1.2 mmol/mol allowed).

To test stability of the calibrators, a limited num-
ber of the moderate concentrations (B to E) of stored
calibrators were assayed as samples 2–3 years after their
manufacture. No significant difference between mea-
sured and weighed HbA1c was observed in any of these
“old calibrators”.

In the lower part of Table 1 the outcomes for 12
batches of control samples, assayed 1 and 2 years after
manufacture, are summarized. Control specimens are
spare samples of previous intercomparison studies. In
each intercomparison study, 4 controls are included: 2
(1 low and 1 high HbA1c level) from an intercompari-
son study performed the previous year, and 2 from a

study conducted 2 years earlier. On 1 occasion, for the
low concentrations after 2 years of storage, the differ-
ence was 1.0 mmol/mol and exceeded the maximum
allowable difference of 0.7 mmol/mol.

Discussion

APPROVAL OF NETWORK LABORATORIES

The model for approval was applied in 8 intercom-
parison studies in 2003–2006. All 105 datasets have
been evaluated. On 95 occasions the laboratories
passed, 5 times a laboratory failed, and 5 times a labo-
ratory did not submit results. A network laboratory
loses the status of approved laboratory when it fails
(or does not submit results for) 2 consecutive studies, a
situation that has not occurred to date. A candidate
network laboratory can gain the status of approved
network laboratory when it meets the criteria in 2 con-
secutive intercomparison studies. Four candidate lab-
oratories have achieved this goal.

Table 3. Long-term performance of network laboratories in 8 intercomparison studies (2003–2006) at
53 mmol/mol HbA1c concentration.

Network Laboratory

Trend Bias Reproducibility

Shift in HbA1c outcome
of a laboratory in respect to
the network-mean, mmol/

mol HbA1c change/year

Mean difference of a
laboratory in respect

to network-mean,
mmol/mol HbA1c

SD of differences
of laboratory and

network-mean,
mmol/mol HbA1c

(r2 in brackets) 0.4

1 (MS) �0.1 (0.04) �0.5 0.3

2 (MS) �0.1 (0.03) �0.8a 1.4c

3 (MS) �0.5 (0.15) �0.1 1.1

4 (MS) �0.2 (0.10) �0.9b 0.9

5 (MS) �0.4 (0.19) �0.2 0.3

6 (MS) �0.1 (0.23) �0.1 0.6

11 (CE) �0.1 (0.09) �0.5 0.5

12 (CE) �0.1 (0.15) �0.2 0.3

13 (CE) �0.1 (0.00) �0.3 0.3

14 (CE) �0.1 (0.15) �0.3 0.7

15 (CE) �0.1 (0.00) �0.1 0.6

16 (CE) �0.1 (0.00) �0.1 0.3

17 (CE) �0.2 (0.18) �0.2 0.2

18 (CE) �0.1 (0.15) 0.0 0.1

19 (CE) �0.2 (0.23) �0.4 0.7d

Mean MS Laboratories �0.1 0.4

Mean CE Laboratories 0.0

a Mean HbA1c outcome of this laboratory is significantly higher than network mean (t-test; P �0.05).
b Mean HbA1c outcome of this laboratory is significantly lower than network mean (t-test; P �0.05).
c Variation in HbA1c outcome over 8 intercomparison studies of this laboratory is significantly higher than network mean (F-test; P �0.05).
d Variation in HbA1c outcome of MS laboratories using mass spectrometry is significantly higher than that of CE laboratories (F-test; P �0.05).
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The criteria for approval of network laboratories
are empirically based rather than determined on the
basis of predefined performance goals (20 ). One rea-
son for this protocol is the lack of consensus on ap-
proval criteria: in a recent review Goodall (21 ) refers to
7 published statements, with a proposed CV of 2% to
5% for routine methods. The other reason is that the
development of the RM started with the qualitative
aim to be “as precise as possible.” With 12 intercom-
parison studies completed, we now can quantify the
performance of the network. According to criteria for
approval of reference laboratories, the maximum CV
of assigned values is �0.9% (assigned by the network)
or �3% (assigned by an individual network labora-
tory). In light of the most stringent performance goal
of 2% for routine laboratories (21 ), the uncertainty of
value assignment by one single reference laboratory (in
general) is too high to be acceptable, but suitable when
performed by the whole network. However these are
maximum CVs. The CV of 0.5% seen over 6 years in
relation to the NGSP (Table 2) suggests that the actual
CV of the network is substantially lower than 0.9%.
From the performance data of 12 intercomparison
studies, it can be concluded that the IFCC-RM is suit-
able for the intended purpose in the top of the trace-
ability chain of HbA1c. The data also suggest that, to
limit uncertainty, it is preferable for values to be as-
signed by the network rather than by individual net-
work laboratories.

STABILITY OF THE RELATIONSHIP BETWEEN IFCC-RM AND DCMS

The stability of the relationship between IFCC-RM and
DCMs is of the utmost importance for clinical studies.
In 2004 the relationship was calculated on the basis of
the 4 completed intercomparison studies and pub-
lished as the ME (14 ). To date, the outcome of 12 in-
tercomparison studies is known and allows evaluation
of compliance with the published ME for each of the
intercomparison studies and trend over time in the re-
lationship of IFCC-RM and DCMs. As demonstrated
by the r values, the relationship between IFCC-RM and
DCMs is very consistent. Slope and intercept are not
independently related, as demonstrated by the CVs
(CV %HbA1c �CV slope and intercept). Therefore the
% HbA1c is the best parameter to evaluate the stability
of the MEs. For the NGSP this relationship is very sta-
ble: at the 53 mmol/mol level, the calculated %HbA1c
is 7.00% whether ME4 or ME12 is used. There is also
no trend (�0.001%/year), and all 12 studies are in
compliance with the published ME. The same is true
for the Mono-S relationship with the IFCC-RM. For
the JDS/JSCC a borderline trend (Fig. 2) is seen that is
also reflected by a difference of 0.05% between ME4
and ME12, a finding that will be investigated in future
intercomparison studies.

VALUE ASSIGNMENT AND EXPANDED UNCERTAINTY

The assigned values and uncertainty of specimens de-
rives from (i) the uncertainty in the calibrator sets
used to calibrate the IFCC-RM, (ii) the uncertainty
due to the measurement error of the reference method,
(iii) the number of network laboratories involved in
the value assignment, and (iv) the number of assays
performed by each network laboratory. When values
are assigned with the whole network, an expanded un-
certainty of 1.0 mmol/mol (0.9% CV) can be achieved
in the middle range of HbA1c concentrations, which is
acceptable in view of the performance goals for routine
laboratories as discussed above.

LONG-TERM TREND, BIAS, AND REPRODUCIBILITY RESULTS FOR

NETWORK LABORATORIES

A single intercomparison study is the forum for ap-
proval of network laboratories at a given point of
time. Evaluation of multiple intercomparison studies
discloses small phenomena and trends over time. From
Table 3 it can be seen that none of the laboratories
has shown a trend over time, that 2 laboratories have
a consistent low or high bias, and that 1 laboratory
has high variation, indicating lack of reproducibility.
From the bottom lines of Table 3, it can be seen that
there is no difference in HbA1c outcome between lab-
oratories that use MS vs CE methods (�0.1 mmol/mol
vs 0.0 mmol/mol) but that the MS-group has a signifi-
cantly higher variation (0.7 mmol/mol vs 0.4 mmol/
mol). The difference in performance between MS and
CE might be explained by nonoptimal HPLC circum-
stances for the MS method, and a modification leading
to improvement (22 ) is under investigation, to be im-
plemented in the IFCC-RM.

REPRODUCIBILITY AND STABILITY OF CALIBRATORS

AND CONTROLS

Long-term reproducibility is the cornerstone of the
management of the network. Calibrators and controls
play key-roles, and their reproducibility and stability
are systematically monitored.

After manufacture, a batch of calibrators is mea-
sured as a sample by the whole network and the mean
measured concentration HbA1c is compared with the
HbA1c concentration calculated from the weighed
amounts of pure HbA1c and HbA0. If the difference
exceeds the criterion, the calibrator set is rejected. This
situation occurred once in our studies. When a batch of
calibrators meets the criterion it is approved and used
as the calibrator set in the next intercomparison study
(1 year after manufacture). Two or 3 years after man-
ufacture, spares are included in an intercomparison
study as “old calibrators” to check their long-term sta-
bility. Throughout the 12 studies we report, calibrators
always proved to be stable.
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Fig. 2. Trend relationship between IFCC-RM and DCM at 53 mmol/mol HbA1c concentration HbA1c values as
calculated from the relation between IFCC-RM and DCM in each of the respective 12 intercomparison studies are
plotted with individual studies on the x axis and the HbA1c value (expressed as the percentage HbA1c calculated for
the respective DCMs at the 53 mmol/mol IFCC-RM HbA1c concentration) on the y axis.

The middle of the window of the Shewhart chart is the percentage HbA1c calculated from the ME (14 ), and the limits are
variable (P �0.05; for explanation see the “Statistics” section in “Materials and Methods”).
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Spare samples of intercomparison studies are
stored at �84 °C and after 1 and 2 years of storage are
systematically included as controls in intercomparison
studies. This protocol allows comparison 0, 1, and 2
years after manufacture and is a parameter for stability.
As can be seen from Table 1, changes in the 12 batches
of controls have been negligible. The maximum al-
lowable difference was exceeded in only 1 of 48 studies
(1.0 mmol/mol vs 0.7 mmol/mol). The data indicate
that this type of material can be (and is) used as long-
term quality control. A possible objection to this con-
clusion is that the trend in laboratories may have been
compensated by the instability in the controls, but this
theory does not hold given that 12 batches showed the
same performance.

In conclusion, the results of the 12 intercompari-
son studies performed during 2001–2006 reported
here confirm the robustness of this system to guarantee
stability and continuity of the analytical reference
method for HbA1c. The results also demonstrate that
the concept of a network of reference laboratories as
the foundation to develop, implement, and maintain a
reference system is very effective and efficient.
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