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BACKGROUND: A major objective of the IFCC Task Force
on Implementation of HbA1c Standardization is to de-
velop a model to define quality targets for glycated he-
moglobin (Hb A1c).

METHODS: Two generic models, biological variation and
sigma-metrics, are investigated. We selected variables in
the models for Hb A1c and used data of external quality
assurance/proficiency testing programs to evaluate the
suitability of the models to set and evaluate quality targets
within and between laboratories.

RESULTS: In the biological variation model, 48% of indi-
vidual laboratories and none of the 26 instrument groups
met the minimum performance criterion. In the sigma-
metrics model, with a total allowable error (TAE) set at 5
mmol/mol (0.46% NGSP), 77% of the individual labo-
ratories and 12 of 26 instrument groups met the 2�
criterion.

CONCLUSIONS: The biological variation and sigma-
metrics models were demonstrated to be suitable for set-
ting and evaluating quality targets within and between
laboratories. The sigma-metrics model is more flexi-
ble, as both the TAE and the risk of failure can be
adjusted to the situation—for example, requirements re-
lated to diagnosis/monitoring or international authori-
ties. With the aim of reaching (inter)national consensus
on advice regarding quality targets for Hb A1c, the Task
Force suggests the sigma-metrics model as the model of
choice, with default values of 5 mmol/mol (0.46%) for

TAE and risk levels of 2� and 4� for routine laboratories
and laboratories performing clinical trials, respectively.
These goals should serve as a starting point for discussion
with international stakeholders in the field of diabetes.
© 2015 American Association for Clinical Chemistry

A major objective of the IFCC Task Force on Implemen-
tation of HbA1c Standardization (TF-HbA1c)13 is the
following:

Develop quality targets for the measurement of Hb A1c

[glycated hemoglobin], and, on the basis of these targets,
and in conjunction with professional bodies, advise on the
use of Hb A1c for monitoring, diagnosis and screening of
diabetes and glucose intolerance [“Hb A1c” substituted for
other spellings used in the original]. (1 )

This article addresses the development of a model to
set and evaluate quality targets. A suitable model should
be applicable both within and between laboratories. The
IFCC is an international organization that advises on
quality targets, and therefore the model should be generic
and give local regulatory bodies the option to fill specific
criteria; for instance, those related to financial and tech-
nical resources.

Table 1 summarizes the key elements considered in
the development of the models. A quality target consists
of a value assigned by an approved reference measure-
ment procedure, with tolerance limits derived from the
quality concept of total allowable error (TAE) (2 ). In this
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concept, total error (TE) is derived from bias and impre-
cision and compared with the TAE to reveal a pass or fail.
The suitability of 2 TAE-based analytical-mathematical
models is investigated here: the biological variation
model (BV) (3, 4 ) and the sigma-metrics model (SM)
(5 ). To set quality targets, both models require alignment
with the Stockholm hierarchy for analytical quality (6 ) to
define TAE. In this hierarchy, there are 5 levels: (a) clin-
ical outcomes in specific clinical settings, (b) data derived
from biological variation, (c) published professional rec-
ommendations, (d) performance goals set by regulatory
bodies or organizers of external quality assessment (EQA)
schemes, and (e) current state of the art. For the SM
model, all levels can be used, whereas only level b applies
to the BV model. Both models have a grading system to
categorize the risk of not achieving the set TAE. In the
SM model, the risk is expressed in � units (the lower the
�, the higher the risk of not achieving the set TAE) (5 ).
The BV model has 3 categories: optimum, desirable, and
minimum levels of performance (3, 4 ).

Several considerations may have an impact on the
specifically defined criteria within both generic models:
the aim of the test (e.g., diagnosis vs monitoring), the test
environment [e.g., central laboratory vs point-of-care
testing (POCT)], technical limitations (what is the state
of the art), economic limitations (what cost is economi-
cally affordable), practical considerations (workload and
availability of bias and imprecision data), and clinical
needs (4 ).

This study evaluates the suitability of the BV and
SM models within and between laboratories by use of
data from EQA/proficiency testing (EQA/PT) programs
in the US and Europe. In compliance with the consensus
statement on Hb A1c of the International Diabetes Fed-
eration (IDF), the European Association for the Study of
Diabetes (EASD), the American Diabetes Association
(ADA), and IFCC, data are expressed in SI units with
National Glycohemoglobin Standardization Program
(NGSP) units (7 ) in parentheses. It should be noted that
the mathematical relationships between the IFCC and
NGSP systems are complicated; conversion factors are
summarized in Table 2 and details can be found in
Weykamp et al. (8 ).

Methods

BIOLOGICAL VARIATION MODEL

The outcome of the BV model varies with Hb A1c con-
centration (8 ) and necessitates the choice of 1 Hb A1c

concentration for evaluation. We selected 50 mmol/mol
(6.7%) as most relevant, as this concentration is close to
and in between the clinical decision limits for diagnosis of
diabetes [48 mmol/mol (6.5%)] and a common target for
treatment (53 mmol/mol; 7.0%) (9 ). TE and TAE are
calculated with Eqs. (1) and (2) in Table 2. Intra- and
interindividual biological variation is taken from the ta-
bles by Ricos, published online by Westgard QC (10 ).
TAE is expressed in relative and absolute units. Fig. 1A is

Table 1. Key elements considered when developing the quality targets.

Topic Specification

1. Anchor Reference method

2. Quality concept TAE

TE derived from bias and imprecision

3. Analytical-mathematical models Biological variation

Sigma-metrics

4. Model components

a. Criteria TAE Intra- and interindividual variation (BV)

Goals derived from the Stockholm hierarchy (SM)

b. Risk grading Optimum-desirable-minimum (BV)

n-sigma (SM)

c. Evaluation of each model Within laboratories (BV and SM)

Between laboratories (BV and SM)

5. Factors to be considered when setting criteria Aim of the test

Test environment

State of the art

Economical affordability

Practical aspects

Clinical needs

Quality Targets for Hb A1c
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the graphical representation of the limits for minimum, de-
sirable, and optimum performance. There are 2 extreme
options to achieve an adequate performance level: a perfect
bias with a relatively poor imprecision or a perfect impreci-
sion with a relatively poor bias. As an example, the perfor-
mance of a laboratory with a bias of 1.0 mmol/mol (0.09%)
and an imprecision of 1.5% (1.0%) resulting in a TE of 2.5
mmol/mol (0.23%) is drawn in Fig. 1A. This laboratory
meets the BV criterion for minimum performance but fails
the desirable and optimum criteria.

SIGMA-METRICS MODEL

SM provides a universal benchmark for process perfor-
mances. The performance of any process can be charac-
terized on a “sigma scale.” Values range from 2 to 6. A
higher (4–6) � level implies a very low risk to fail (thus a
very reliable process) but also a very narrow target range
(thus difficult to achieve). A lower (2–4) level means an
easier-to-achieve performance level but also a higher risk
to fail (i.e., more results outside the set TAE value). The
target � level set should balance optimum quality and
risk to fail (5 ). In the SM model, TAE is set according to
one of the levels of the Stockholm hierarchy consensus

(6 ) along with the risk of failing this goal. The perfor-
mance of a laboratory is expressed in a � score and is
calculated with Eq. (3) in Table 2. This same equation
can be used to calculate allowable bias and imprecision at
a defined � level. This is graphically represented in Fig.
1B. To evaluate the model, a TAE of 5 mmol/mol
(0.46%) has been chosen. This is based on the difference
in Hb A1c results in 2 consecutive Hb A1c tests that guide
clinicians to change therapy (11 ) and is therefore a clin-
ical decision limit (Stockholm hierarchy level 1). This
TAE [5 mmol/mol (0.46%)] is also approximately the
difference between the upper level of individuals at low
risk for diabetes and the decision limit for diagnosis of
diabetes [48 mmol/mol (6.5%)] (9, 12 ). As with the BV
model, there are extremes of bias and imprecision that
allow compliance with the TAE: a high bias with a low
imprecision or vice versa. Fig. 1B also shows the perfor-
mance of the same laboratory as in the BV model: the TE
of 2.5 mmol/mol (0.17%) results in a score of 5.3�.

COMPARISON MODELS

In Fig. 1C, the 2 models are combined. It is evident that
BV limits are tighter than SM limits. This is not surpris-

Table 2. Mathematics for BV and SM models.a

Total error (TE)

TE = �B� + 2I (1)

Biological variation (BV)b

TAE = 1.65 (f1 × CVI) + f2�(CVI)2+(CVG)2 (2)

CVI = 2.77% (NGSP 1.9%)

CVG = 8.32% (NGSP 5.7%)
TAE at Hb A1c = 50 mmol/mol (6.7%)

Relative units (%) Absolute units (concentration)

Classification f1 f2 IFCC NGSP IFCC, mmol/mol NGSP, %

Optimum 0.25 0.125 2.24 1.53 1.1 0.10

Desirable 0.50 0.250 4.48 3.07 2.2 0.21

Minimum 0.75 0.375 6.72 4.60 3.4 0.31

Sigma-metrics (SM)

� =
(TAE−�B�)

I
(3)

Conversion factors for NGSP from IFCC

Hb A1c in concentration units: NGSP = 0.0915IFCC + 2.15 (4)

Absolute bias in concentration units: NGSP = 0.0915IFCC (5)

Imprecision in CV% at 50 mmol/mol: NGSP = 0.685IFCC (6)

Imprecision in CV% in NGSP units: IFCC = 1.46NGSP (7)

a TE, total error (concentration units); �B�, absolute bias (concentration units); I, imprecision (concentration units); TAE, total allowable error (concentration units); CVI, intraindividual
biological variation (%); CVG, interindividual biological variation (%); �, chance of failure (in � units); f 1, factor to classify the imprecision component of TAE; f 2, factor to classify the
bias component of TAE.

b CVI and CVG taken from the Ricos tables [Westgard QC (10 )] in NGSP units and converted to IFCC with Eq. (7).
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ing, as the arbitrarily set TAE is higher in the SM model
[5 mmol/mol (0.46%)] than those in the BV model [3.4/
2.2/1.1 mmol/mol (0.31%, 0.20%, 0.10%)]. In the SM
model, there is free choice to define TAE and � level. The
impact is demonstrated in Fig. 1D. When a TAE of 3
mmol/mol (0.27%) is set with an acceptable risk of 4�,
the laboratory fails. But with a TAE of 5 mmol/mol
(0.46%) and an acceptable risk of 2�, the laboratory
passes. In the BV model, both TAE and risk categories are
fixed by intra- and interindividual variation. The values
from the Ricos tables may be revised according to recent
literature (13–15), which will of course lead to different
(tighter) quality targets.

Results

EVALUATION BETWEEN LABORATORIES

Data from the College of American Pathologists (CAP)
Survey 2014 GH2-A were used to evaluate the between
laboratory performance with each model. Sample
GH2-01 had an Hb A1c concentration of 48 mmol/mol
(6.49%) and was measured by 3277 laboratories, approx-
imately 90% of them in the US. The overall and
manufacturer/instrument-specific bias and between-
laboratory CVs are taken from the NGSP website (16 ) to
calculate TE and � (see Supplemental Table 1, which
accompanies the online version of this article at http://

Fig. 1. Quality target models.
Imprecision (CV) on the x axis and bias on the y axis. Quality targets are shown in colors for the BV model (A) [optimum (opt), desirable (des),
minimum (min)] and with lines for the SM model (B) (2�– 6�). (C), Both models. The red heart represents the performance of a laboratory with
a bias of 1 mmol/mol (0.9%), an imprecision of 1.5% (1.0%), and a TE of 2.5 mmol/mol (0.23%) and meets the minimum performance criterion
in the BV model and the 5� criterion in the SM model. (D), Impact of varying the set TAE and acceptable � value on performance.
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www.clinchem.org/content/vol61/issue5). In Fig. 2, bias
and CV are plotted in the combined BV-SM model. To
visualize positive and negative bias, the figure can be ex-
panded (see online Supplemental Fig. 1). The overall
mean (black star) is well outside the minimum perfor-
mance criterion (amber colored) of the BV model and
also not within the 2� limit of the SM model. The mean
performance of users within each of the respective
manufacturer/instrument combinations is highly vari-
able. The majority of the HPLC instruments meet the 2�
criterion of the SM model, whereas the majority of im-
munochemical and POCT instruments do not. Only 1
method (labeled N) achieves the minimum performance
level of the BV model. Fig. 2 also indicates the source of
poor performance: high imprecision for methods A and
C, high bias for methods V and W, and high bias and

imprecision for methods S and O. The high bias of
HPLC instruments V and W is remarkable in relation to
their excellent precision. The model allows historical
evaluation of this phenomenon as shown in online Sup-
plemental Fig. 2 and Supplemental Table 2. CAP data
for these instruments, dating back to 2006, were evalu-
ated. Imprecision was relatively constant, but in the early
years (2006–2008) (see online Supplemental Fig. 2, blue
circles), bias was low, with a resulting performance
within the 2� limits of the SM model.

EVALUATION WITHIN LABORATORIES

EQA/PT programs can be categorized, and only the
highest category supplies data on bias and imprecision
within laboratories (17 ). To evaluate the SM and BV
models within laboratories, results of such a category 1

Fig. 2. Models applied to 26 manufacturer/instrument means in CAP 2014 GH2-A survey.
Mean within-manufacturer interlaboratory CV on the x axis; mean manufacturer absolute bias on the y axis. The black star represents the overall mean
of all laboratories. The dots (laboratory instruments) and squares (POCT instruments) represent specific manufacturers with colors for analytical
principles: green, immunoassays; red, ion-exchange HPLC; yellow, affinity HPLC; blue, capillary electrophoresis; gray, dry chemistry. Abbott Architect
c System (A), Abbott Architect I System (B), Axis-Shield Afinion (C), Beckman AU systems (D), Beckman UniCel DxC Synchron (E), Bio-Rad D10 (F),
Bio-Rad Variant II (G), Bio-Rad Variant II Turbo (H), Bio-Rad Variant Turbo 2.0 (I), Roche Cobas c311 (J), Roche Cobas c500 series (K), Roche Cobas
Integra 400 (L), Roche Cobas Integra 800 (M), Sebia Capillarys 2 Flex Piercing (N), Siemens Advia Chemistry Systems (O), Siemens DCA 2000/2000+
(P), Siemens DCA Vantage (Q), Siemens Dimension ExL (R), Siemens Dimension RxL (S), Siemens Dimension Vista (T), Siemens Dimension Xpand (U),
Tosoh G7 Auto HPLC (V), Tosoh G8 Auto HPLC (W), Trinity Biotech HPLC (X), Trinity Biotech Premier Hb9210 (Y), Ortho Clin Diag Vitros 5,1 FS, 4600,
5600 Chem System (Z). For more details, see online Supplemental Table 1. opt, Optimum; des, desirable; min, minimum.
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EQA/PT program are required. CAP does not evaluate
data on imprecision within laboratories. Therefore, we
used data of the 2013 EQA program as shared by EQA
organizers in Belgium, the Netherlands, Greece, and Fin-
land (18 ). Fig. 3 shows the performances of the individ-
ual laboratories at the Hb A1c concentration of 48 mmol/
mol (6.5%). A substantial number of laboratories do not
meet the 2� criterion of the SM model, and many more
fail even the minimum performance criterion of the BV
model. In Table 3, these data are quantified. In the BV
model, 2%, 18%, and 48% of the laboratories meet the
optimum, desirable, and minimum criteria, respectively.
To demonstrate the impact of chosen TAE and � level,

calculations for the SM model are made for TAEs rang-
ing from 1 to 10 mmol/mol (0.09% to 0.9%) and � of 2,
4, and 6. Not surprisingly, at high TAE/low �, nearly all
laboratories pass, and at low TAE/high �, nearly all lab-
oratories fail. At a reasonable TAE of 5 mmol/mol
(0.46%) and 2�, 77% of the laboratories pass.

Discussion

ANALYTICAL/MATHEMATICAL MODEL

An advantage of the BV model is that once inter- and
intraindividual variation are established, quality targets
are fixed. But at present, these parameters are not irrefut-
able; as stated before, different values have been found by
different authors (10, 13, 14, 15 ). One publication even
showed different values with different analytical methods
(15 ). The ultimate importance of reliable data on biolog-
ical variation and their impact on CIs in general has been
described by many authors (19, 20 ). Furthermore, it is
questionable whether the exact intraindividual variation
can be established, because the value is of the same order
of magnitude as the analytical CV for even the best meth-
ods. It is also unknown whether (narrow) biological vari-
ation data of a young, healthy, white population are ap-
plicable to other populations (elderly, type 1 or type 2
diabetes, well/poorly controlled glucose, other ethnici-
ties). A practical point of consideration is that the state of
the art is quite far away from even the minimum criterion
of the BV model.

A disadvantage of the SM model is that it can lead
to endless discussions, without decisions, on setting an
appropriate TAE and the subsequent risk to fail the set
TAE (�). But this can also be an advantage: criteria are
flexible and can be adjusted to the application (monitor-
ing vs diagnosis), test environment (developed vs devel-
oping countries), state of the art and quality/cost issues
(see considerations, Table 1). Another advantage is that
the criteria are of the highest level of the Stockholm hi-
erarchy consensus (6 ). This criterion is clinically and not
analytically/statistically driven and may therefore be

Fig. 3. Models applied to 342 individual laboratories.
Each dot represents an individual laboratory: red, HPLC; green,
immunoassay; yellow, affinity chromatography; blue, capillary
electrophoresis. For simplicity, only 2�, 4�, and 6� limits for
TAE = 5 mmol/mol (0.46%) of the SM model are shown. Yellow,
gray, and amber are the limits of optimum, desirable, and mini-
mum performance of the biological variation model. Data from
the shared 2013 EQA program in Belgium, the Netherlands,
Greece, and Finland.

Table 3. Demonstration of the impact of different chosen criteria on the percentage of 342 laboratories passing
for the BV and SM models.

Sigma-metrics

Biological variation

Criterion
(chance of failure)

Laboratories that pass, %

Criterion
Laboratories
that pass, %

TAE 10
(0.91)

TAE 7
(0.64)

TAE 6
(0.55)

TAE 5
(0.46)

TAE 4
(0.37)

TAE 3
(0.27)

TAE 2
(0.18)

TAE 1
(0.09)

Optimum 2 6� 71 46 30 19 10 2 1 0

Desirable 18 4� 89 67 57 44 25 12 2 0

Minimum 48 2� 100 95 89 77 60 38 16 1
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more appealing—and thus acceptable for physicians. In
developing the most appropriate quality criteria, the
combined model (Fig. 1C) can be used, but in daily
practice, a double target may be confusing. Balancing
pros and cons, the TF-HbA1c suggests that SM is the
model of choice.

CRITERIA

The goal of this paper is to define a generic model to set
and evaluate quality targets. Example criteria have been
used to evaluate the suitability of each of the models. The
TF-HbA1c will seek collaboration with professional bod-
ies to advocate the model and discuss/refine the most
appropriate TAE and risk criteria for monitoring, diag-
nosis, and screening of diabetes and glucose intolerance.
This could be done within the framework of the consen-
sus statement on Hb A1c of the IDF, EASD, ADA, and
IFCC (7 ). A statement on quality targets can be added,
and, like the other statements, can be periodically re-
viewed, revised, and published in diabetes-related media.

Exploration of the most suitable criteria is useful as a
starting point for discussion. The clinical decision limit
for diagnosis [48 mmol/mol (6.5%)] is close to the upper
limit of the nondiabetic reference range [42 mmol/mol
(6.0%)] (9, 12 ). Thus a small difference in Hb A1c per-
formance will have a large impact on interpretation. For
example, an increase of the imprecision from 2.7% to
3.7% (1.8% to 2.5% in NGSP units) results in a 90%
increase in the prevalence of diagnosed diabetes (21 ). A
report of the Danish Health and Medicine Authority
states that biases of 0.6, 1.7, and 2.8 mmol/mol (0.06%,
0.15%, and 0.25%) increase the number of individuals
diagnosed with diabetes by 28%, 67%, and 224%, re-
spectively (22 ). When this is extended to the 2014 CAP
GH2-A results, it can be estimated that, if all Hb A1c

assays in the US had been performed with instruments of
the manufacturer with the highest positive bias [�4.2
mmol/mol (�0.39%)], the prevalence of diabetes would
have been 600% higher than if all assays had been done
with instruments of the manufacturer with the highest
negative bias [�2.3 mmol/mol (�0.21%)]. This is a rea-
son to set very tight criteria, or at least to define workable
criteria to facilitate quality improvement. But it is also
important that the diagnosis of diabetes and changes in
therapy should not be based on a single Hb A1c result. A
second or third sample dramatically reduces the impact
of analytical quality on interpretation, most evidently in
imprecision and to a lesser degree in bias (23 ). This pro-
vides a reason, perhaps, to set more relaxed quality crite-
ria. Some organizations have already set quality targets.
From current Danish quality requirements, a maximum
CV of 2.8% (1.8%) and a maximum bias of 2.8% (1.8%)
with a TAE of 4.2 mmol/mol (0.39%) can be derived
(21 ). The CAP acceptance limit of 6% is 4.3 mmol/mol

(0.40%) at an Hb A1c concentration of 50 mmol/mol
(6.7%) (16 ): these criteria are close to the chosen TAE of
5 mmol/mol (0.46%) in this article. The models in this
article can be used to set not only quality targets for
individual labs, but also (desirable) quality goals between
laboratories within methods (performance of users of a
manufacturer) or between laboratories between methods
(overall performance of all laboratories).

Taking into account these considerations, as well as
the state of the art, the TF-HbA1c suggests initially set-
ting a TAE of 5 mmol/mol (0.46%) with a � of 2 for
routine laboratories and a � of 4 for laboratories perform-
ing clinical trials where optimal accuracy and precision is
a requirement. However, as stated above, this is the start-
ing point for discussion with stakeholders in the field of
diabetes and of a drive toward improved quality rather
than the final destination or level of quality.

APPLICATION

As demonstrated by the examples in this article, the
model is suitable to estimate the quality status of Hb A1c

of (a) a single laboratory, (b) a single manufacturer, and
(c) a country. The model also allows comparison over
time of analytical performances of manufacturers, which
is helpful to select a method or to evaluate whether poor
performance in a single laboratory is traceable to either
poor operation in that laboratory or the method used.
For valid and fair conclusions, it is important to confirm
commutability and value assignment with the IFCC ref-
erence measurement procedure of the samples in the
EQA/PT program from which bias and imprecision data
are taken to calculate TE.

Author Contributions: All authors confirmed they have contributed to
the intellectual content of this paper and have met the following 3 require-
ments: (a) significant contributions to the conception and design, acquisi-
tion of data, or analysis and interpretation of data; (b) drafting or revising
the article for intellectual content; and (c) final approval of the published
article.

Authors’ Disclosures or Potential Conflicts of Interest: Upon man-
uscript submission, all authors completed the author disclosure form. Dis-
closures and/or potential conflicts of interest:

Employment or Leadership: L. Ji, Peking University People’s Hospi-
tal; D.B. Sacks, Clinical Chemistry, AACC.
Consultant or Advisory Role: None declared.
Stock Ownership: None declared.
Honoraria: None declared.
Research Funding: D.B. Sacks, Intramural Research Program of the
NIH.
Expert Testimony: None declared.
Patents: None declared.

Role of Sponsor: The funding organizations played no role in the
design of study, choice of enrolled patients, review and interpretation of
data, or preparation or approval of manuscript.

758 Clinical Chemistry 61:5 (2015)

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/61/5/752/5611462 by guest on 17 M
ay 2023



References

1. Task Force on Implementation of HbA1c Standardiza-
tion (Integrated Project) (TF-HbA1c). www.ifcc.org/
executive-board-and-council/eb-task-forces/task-force-
hba1c (Accessed April 2015).

2. Westgard JO, Carey RN, Wold S. Criteria for judging pre-
cision and accuracy in method development and evalu-
ation. Clin Chem 1974;20:825–33.

3. Fraser CG, Hyltoft Petersen P, Libeer JC, Ricos C. Proposal
for setting generally applicable quality goals solely based
on biology. Ann Clin Biochem 1997;34:8 –12.

4. Bais R, Armbruster D, Jansen RTP, Klee G, Panteghini M,
Passarelli J, et al. Defining acceptable limits for the met-
rological traceability of specific measurands. Clin Chem
Lab Med 2013;51:973–9.

5. Westgard JO, Westgard SA. Total analytical error: from
concept to application. www.aacc.org/publications/cln/
articles/2013/september/total-analytic-error (Accessed
August 2014).

6. Kenny D, Fraser CG, Hyltoft Petersen P, Kallner A. Strat-
egies to set global analytical quality specifications in
laboratory medicine: consensus agreement. Scand
J Clin Lab Invest 1999;59:585.

7. Consensus Committee. Consensus statement on the
worldwide standardization of the hemoglobin A1c
measurement: the American Diabetes Organization,
European Association for the Study of Diabetes, Interna-
tional Federation of Clinical Chemistry and Laboratory
Medicine, and the International Diabetes Federation.
Diabetes Care 2007;30:2399 – 400.

8. Weykamp CW, Mosca A, Gillery P, Panteghini M. The
analytical goals for hemoglobin A(1c) measurement in

IFCC units and National Glycohemoglobin Standardiza-
tion Program Units are different. Clin Chem 2011;57:
1204 – 6.

9. American Diabetes Association. Standards of medi-
cal care in diabetes: 2011. Diabetes Care 2011;
34(Suppl 1):S11– 61.

10. Westgard QC. Quality requirements: minimum specifi-
cations from Biological Variation database. www.
westgard.com/minimum-biodatabase1.htm (Accessed
August 2014).

11. National Institute for Health and Clinical Excellence.
Type 2 diabetes: newer agents. http://www.nice.org.
uk/guidance/cg87/resources/cg87-type-2-diabetes-
newer-agents-a-partial -update-of-cg66-short-
guideline2 (Accessed October 2014).

12. American Diabetes Association. Standards of medi-
cal care in diabetes: 2010. Diabetes Care 2010;
33(Suppl 1):S23.

13. Braga F, Dolci A, Montagnana M, Pagani F, Paleari R,
Guidi GC, et al. Revaluation of biological variation of
glycated hemoglobin (HbA1c) using an accurately des-
ignated protocol and an assay traceable to the IFCC ref-
erence system. Clin Chim Acta 2011;412:1412– 6.

14. Carlsen S, Petersen PH, Skeie S, Skadberg O, Sandberg
S. Within-subject biological variation of glucose and
HbA(1c) in healthy persons and in type 1 diabetes pa-
tients. Clin Chem Lab Med 2011;49:1501–7.

15. Lenters-Westra E, Roraas T, Schindhelm RK, Slinger-
land RJ, Sandberg S. Biological variation of hemoglo-
bin A1c: consequences for diagnosing diabetes melli-
tus. Clin Chem 2014;60:1570 –2.

16. College of American Pathologists (CAP) GH2 survey
data. www.ngsp.org/CAPdata.asp (Accessed August
2014).

17. Miller WG, Jones GR, Horowitz GL, Weykamp C. Profi-
ciency testing/external quality assessment: current
challenges and future directions. Clin Chem 2011;57:
1670 – 80.

18. The European Reference Laboratory for Glycohemoglo-
bin. www.euroreflab.com (Accessed August 2014).

19. Aarsand AK, Roraas T, Sandberg S. Biological variation:
reliable data is essential. Clin Chem Lab Med 2015;53:
153– 4.

20. Roraas T, Petersen PH, Sandberg S. Confidence inter-
vals and power calculations for within-person biologi-
cal variation: effect of analytical imprecision, number of
replicates, number of samples, and number of individ-
uals. Clin Chem 2012;58:1306 –13.

21. Nielsen AA, Petersen PH, Green A, Christensen C,
Christensen H, Brandslund I. Changing from glu-
cose to HbA1c for diabetes diagnosis: predictive val-
ues of one test and importance of analytical bias
and imprecision. Clin Chem Lab Med 2014;52:
1069 –77.

22. Report to Danish Health and Medicine Authority by
DEKS (in Danish). www.dskb.dk/media/documents/
VUK%20HbA1c.doc (Accessed August 2014).

23. Hyltoft Petersen P, Klee GG. Influence of analytical bias
and imprecision on the number of false positive results
using guideline-driven medical decision limits. Clin
Chim Acta 2014;430:1– 8.

Quality Targets for Hb A1c

Clinical Chemistry 61:5 (2015) 759

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/61/5/752/5611462 by guest on 17 M
ay 2023

http://www.ifcc.org/executive-board-and-council/eb-task-forces/task-force-hba1c
http://www.ifcc.org/executive-board-and-council/eb-task-forces/task-force-hba1c
http://www.ifcc.org/executive-board-and-council/eb-task-forces/task-force-hba1c
http://www.aacc.org/publications/cln/articles/2013/september/total-analytic-error
http://www.aacc.org/publications/cln/articles/2013/september/total-analytic-error
http://www.westgard.com/minimum-biodatabase1.htm
http://www.westgard.com/minimum-biodatabase1.htm
http://www.nice.org.uk/guidance/cg87/resources/cg87-type-2-diabetes-newer-agents-a-partial-update-of-cg66-short-guideline2
http://www.nice.org.uk/guidance/cg87/resources/cg87-type-2-diabetes-newer-agents-a-partial-update-of-cg66-short-guideline2
http://www.nice.org.uk/guidance/cg87/resources/cg87-type-2-diabetes-newer-agents-a-partial-update-of-cg66-short-guideline2
http://www.nice.org.uk/guidance/cg87/resources/cg87-type-2-diabetes-newer-agents-a-partial-update-of-cg66-short-guideline2
http://www.ngsp.org/CAPdata.asp
http://www.euroreflab.com
http://www.dskb.dk/media/documents/VUK%20HbA1c.doc
http://www.dskb.dk/media/documents/VUK%20HbA1c.doc

