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Analytical Bias Analytical Bias -- Therapeutic Consequence Therapeutic Consequence 
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Reference System for HbAReference System for HbA1c1c

Primary reference materials
(IRMM 466 and 467)

IFCC reference measurement procedure
(HPLC-CE or HPLC-MS)

Secondary reference materials
(blood panels)

Manufacturer’s internal
reference measurement procedure

Manufacturer’s
working calibrator

Manufacturer’s standing
measurement procedure

Manufacturer’s
product calibrator

Routine measurement procedure

Patient Sample

IFCC
Network

Manufacturer

Individual
laboratory

HbA1c - N-(1-deoxyfructosyl)-haemoglobin-ß-chain in blood
SI-Unit: mmol/mol Measurand
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Glycation sites of HemoglobinGlycation sites of Hemoglobin

NN--terminalterminal

Valine:Valine: redred
LysineLysine greengreen

GlutathioneGlutathione

HbAHbA33 or HbAor HbA1d1d

ββ--Chains: YellowChains: Yellow
αα--Chains: BlueChains: Blue

A. Mosca A. Mosca -- UniMiUniMi 77



top of the chaintop of the chain
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The Analytical ChallengeThe Analytical Challenge

Val

Proteolytic cleavage of Proteolytic cleavage of ββ--chain (146 amino acids)chain (146 amino acids)

HbAoHbAo--peptidepeptide

HbA1cHbA1c--peptidepeptide

Glc

GluGlu--CC

His Leu Thr Pro Glu Glu Lys Ser

Val His Leu Thr Pro Glu Glu Lys Ser

……...

……...
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Photometric detection of peptidesPhotometric detection of peptides

HbA1c
Hexapeptide

HbAo
Hexapeptide

C18 ChromatographyC18 Chromatography
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Flow Chart for Reference MethodsFlow Chart for Reference Methods

HemolysateHemolysate

Enzymatic CleavageEnzymatic Cleavage

HPLCHPLC--MassMass
SpectrometrySpectrometry

HPLCHPLC--CapillaryCapillary
ElectrophoresisElectrophoresis

Approved by IFCC 2001
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ESI mass spectra of nonglycated and 
glycated bN-terminal hexapeptides 

Kobold et al Clin Chem 1977:43;1944
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TwoTwo--dimensional separation ofdimensional separation of
NN--terminal hexapeptides of hemoglobinterminal hexapeptides of hemoglobin

C 18 Chromatography C 18 Chromatography Capillary ElectrophoresisCapillary Electrophoresis

NonNon--glycatedglycated
hexapeptidehexapeptide

GlycatedGlycated
hexapeptidehexapeptide
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Preparation of calibratorsPreparation of calibrators

Hemoglobin

Cation exchange chromatography
SP Sepharose HPLC, pH 6.2

Affinity chromatography
Glycogel Boronate, pH 8.0

HbA1c (crude)      HbA0 (crude)

HbA1c (pure)       HbA0 (pure)

Cation exchange chromatography
SP Sepharose HPLC, pH 6.2
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HbA0
HbA1c

uc = 1.18 %
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uc = 0.8 %
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uc = 0.27 %

uc = 0.26 %
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Monitoring Programme  Manufacturers 2009

IFCC-RM         -4.0               -2.0                0.0              +2.0             +4.0   mmol/mol
NGSP             -0.36             -0.18               0.0              +0.18           +036        %
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C.Weykamp (by courtesy)
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middle of the chainmiddle of the chain
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What information should be providedWhat information should be provided

which kind of higherwhich kind of higher--order materials order materials 

and methods to assigne traceable and methods to assigne traceable 
values to the calibratorsvalues to the calibrators

which kind of internal calibration which kind of internal calibration 
hierarchyhierarchy

uc of commercial calibratorsuc of commercial calibrators
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Clin Chim Acta 2014;432:55-61
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bottom of the chainbottom of the chain

A. Mosca A. Mosca -- UniMiUniMi 3333



What should be done to prove the What should be done to prove the 
metrological traceabilitymetrological traceability

-- uncertainties uncertainties --

The use of a traceable methodThe use of a traceable method

The uncertainty of the commercial The uncertainty of the commercial 
calibratorscalibrators

The longThe long--term imprecision of the term imprecision of the 

routine methodroutine method
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Braga and Panteghini, Clin Chem Lab Med 2013;51:1719
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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% (at 64 mmol/mol)

uC 1.95% (at 53 mmol/mol)

uC 1.96% (at 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

T
raceability 

Accredited reference laboratories

Manufacturer’s
standing procedure

End users
(clinical laboratories)



0.2 %

0.9 %

1.3 %
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Other factors contributing to the Other factors contributing to the 
uncertaintyuncertainty

BiasBias

Biological variationBiological variation
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u (composite) = (u2IQC+ u2EQC 
+ u2 intra-individual)1/2

EDMA position paper – Estimation of uncertainty of measurement in medical laboratories. www.edma-ivd.be; 2006/09



What should be done to guarantee the longWhat should be done to guarantee the long--
term performanceterm performance

analytical goalsanalytical goals

EQASEQAS
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Weykamp et al, Clin Chem 2015;61:752
A. Mosca A. Mosca -- UniMiUniMi 3939



Clin Chim Acta 2011;412:1412
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Mosca et al, Clin Chim Acta 2015;451:305
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Figure 2: The IFCC quality targets model HbA1c applied at country 
and manufacturer level.

Patricia Kaiser*, Michael Spannagl, Christel van Campenhout, Yolande Lenga, Carla Siebelder 
and Cas Weykamp

HbA1c: EQA in Germany, Belgium and the 
Netherlands using fresh whole blood samples 
with target values assigned with the IFCC 
reference system

Clin Chem Lab Med 2016; aop



•• Top of the chain: YES (IFCC Network) Top of the chain: YES (IFCC Network) 

•• Middle: probably YES (information not Middle: probably YES (information not 
uniform and difficult to be released)uniform and difficult to be released)

•• Bottom: difficult to draw objective Bottom: difficult to draw objective 
evidences (depending on country and evidences (depending on country and 
rules); more efforts needed to achieve rules); more efforts needed to achieve 
standardization overallstandardization overall
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What next?What next?

•• Consensus on uncertainty Consensus on uncertainty 

•• Improving EQAS (EurA1c)Improving EQAS (EurA1c)

•• Education and communicationEducation and communication
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