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AgendaAgenda

•• Standardizzazione HbAStandardizzazione HbA1c1c

– standardizzazione IFCC
– lo studio ADAG 
– consensus document
– il punto di vista dei produttori di diagnostici
– prossimi step
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Standardizzazione IFCC dellStandardizzazione IFCC dell’’HbAHbA1c1c
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* Definition of the * Definition of the analyteanalyte
* Preparation of pure HbA* Preparation of pure HbA00 and HbAand HbA1c1c
* Development of reference method* Development of reference method
* Installation of a Reference Lab Network* Installation of a Reference Lab Network
•• Preparation of secondary ref. MaterialPreparation of secondary ref. Material

IFCC Reference System for IFCC Reference System for 
HbAHbA1c1c

IFCC SD WG-SHbA1c
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AnalyteAnalyte definitiondefinition (1)(1)
……, a , a detaileddetailed definitiondefinition of the of the quantityquantity toto bebe measuredmeasured constitutesconstitutes anan

indispensableindispensable part of part of anyany analyticalanalytical referencereference systemsystem……. In . In 
LaboratoryLaboratory Medicine, Medicine, manymany hundredshundreds differentdifferent analytesanalytes are are 
measuredmeasured or or determineddetermined. . WithWith regardregard toto the the implementationimplementation of of 
traceabilitytraceability, , itit isis howeverhowever importantimportant toto differentiatedifferentiate betweenbetween::

–– analytesanalytes whichwhich are are wellwell defineddefined chemicalchemical entitiesentities and are and are traceabletraceable
toto International System (SI) International System (SI) unitsunits, , calledcalled typetype AA quantitiesquantities, and, and

–– analytesanalytes whichwhich are are ratherrather heterogeneousheterogeneous in in humanhuman samplessamples and are and are 
notnot directlydirectly traceabletraceable toto SI SI unitsunits, , calledcalled typetype B B quantitiesquantities..

M. Panteghini, J.C. Forest. Clin Chim Acta 2005
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AnalyteAnalyte definitiondefinition (2)(2)

•• TypeType A: more A: more thanthan 65 65 analytesanalytes ((electrolyteselectrolytes, , 
mineralsminerals, , metabolicmetabolic productsproducts ((suchsuch asas
cholesterolcholesterol, creatinine, , creatinine, uricuric acid), acid), steroidssteroids, and , and 
vitaminsvitamins. . 

Test Test resultsresults: : molesmoles per per litrelitre..

Reference Reference materialsmaterials, , referencereference measurementmeasurement
proceduresprocedures: : usuallyusually availableavailable, , independentlyindependently of of 
routine routine measurementmeasurement..
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AnalyteAnalyte definitiondefinition (3)(3)

•• TypeType B: B: proteinsproteins and and glycoproteinsglycoproteins
((usuallyusually measuredmeasured by by immunochemicalimmunochemical
techniquestechniques))

Test Test resultsresults: : notnot expressedexpressed in in termsterms of SI of SI 
unitsunits ((arbitraryarbitrary unitsunits, e.g. WHO , e.g. WHO unitsunits or or 
mass mass unitsunits of a of a preparationpreparation belongingbelonging toto a a 
manufacturermanufacturer))
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Type “B” analyte:
Hb A1c, βN1-deoxyfructosyl-Hb

Glucose bound to N-terminals:
- PI 
- epitope
- affinity chromatography
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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

procedureManufacturer’s
working calibrator

Manufacturer’s standing
measurement procedure

Manufacturer’s
product calibrator

Routine measurement procedure
Patient Sample

IFCC
Network

Manufacturer

Individual
laboratory

MoscaMosca et al, et al, ClinClin ChemChem lab Med 2007;45:1077 lab Med 2007;45:1077 
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The Analytical ChallengeThe Analytical Challenge

Val

ProteolyticProteolytic cleavage of 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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Flow Chart for Reference MethodsFlow Chart for Reference Methods

HemolysateHemolysate

EnzymaticEnzymatic CleavageCleavage

HPLCHPLC--MassMass
SpectrometrySpectrometry

HPLCHPLC--CapillaryCapillary
ElectrophoresisElectrophoresis

Approved by IFCC 2001
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Possible Possible 
interferencesinterferences

•• The The hexapeptidehexapeptide represent an unique represent an unique 
sequencesequence

•• HbHb S and CS and C
•• Acetylated and Acetylated and carbamylatedcarbamylated hemoglobinhemoglobin
•• Potassium cyanidePotassium cyanide
•• Sodium Sodium azidazid-- excludedexcluded
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HemoglobinopathiesHemoglobinopathies in the Nin the N--
terminal partterminal part

•• HbHb S S ββ6 6 GluGlu →→ ValVal
•• HbHb C C β6 β6 GluGlu →→ LysLys

•• HbHb Raleigh Raleigh β1β1 Val Val →→ AcAc--AlaAla
•• HbHb NiigataNiigata β1β1 Val Val →→ LeuLeu
•• HbHb Deer LodgeDeer Lodge β2β2 His His →→ ArgArg
•• HbHb Okayama Okayama β2β2 His His →→ GlnGln
•• HbHb GrazGraz β2β2 His His →→ LeuLeu
•• HbHb AgrigenteAgrigente β2β2 His His →→ ProPro
•• HbHb Fukuoka  Fukuoka  β2β2 His His →→ TyrTyr
•• HbHb Tyne Tyne β5β5 Pro Pro →→ SerSer
•• HbHb WarwickshireWarwickshire β5β5 Pro Pro →→ ArgArg
•• HbHb GG--MakassarMakassar β6β6 GluGlu →→ AlaAla
•• HbHb MachidaMachida β6β6 GluGlu →→ GlnGln
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Clin Chem
2008:54(2);240-8

The IFCC Reference Measurement System for HbA1c:
A 6-Year Progress Report

Cas Weykamp (1*), W. Garry John (2), Andrea Mosca (3)
Tadao Hoshino (4), Randie Little (5), Jan-Olof Jeppsson (6)

Kor Miedema (8), Gary Myers (9), Hans Reinauer (10)
David Sacks (11), Robbert Slingerland (8), Carla Siebelder (1)
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IFCC IFCC unitsunits

Panteghini et al, CCLM 2007;45:942-4

Table 1 Suggested units and target values for HbA1c when measured with
methods traceable to the IFCC reference system. A comparison with the 
current figures is also given.

> 64 > 64 mmolmmol/mol/mol> 8 %> 8 %ChangeChange of of therapytherapy

< 53 < 53 mmolmmol/mol/mol< 7 %< 7 %Target Target forfor treatmenttreatment

20 20 -- 42 42 mmolmmol/mol/mol4 4 –– 6 %6 %Reference Reference intervalinterval ((healthyhealthy))

IFCC IFCC traceabletraceable
methodmethod

CurrentCurrent
(NGSP(NGSP--ADA)ADA)
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Benefits from the use of the IFCC Benefits from the use of the IFCC 
standardisedstandardised HbAHbA1c 1c testtest

•• New units (New units (mmolmmol/mol in place of %)/mol in place of %)
No confusion when recalculating old HbANo confusion when recalculating old HbA1c1c targets in terms of new targets in terms of new 
standardized IFCC numbersstandardized IFCC numbers. . 

•• Reduced uncertaintyReduced uncertainty

•• Positive impact due to change of unitsPositive impact due to change of units
Slight changes in % units will be amplified and will be able to Slight changes in % units will be amplified and will be able to draw draw 
more attentionmore attention

i.e. HbAi.e. HbA1c1c from 8.3 % to 7.9 % from 8.3 % to 7.9 % HbAHbA1c1c from 67 to 63 from 67 to 63 mmolmmol/mol/mol

•• Diagnosis of diabetesDiagnosis of diabetes
Potential use of HbAPotential use of HbA1c 1c for the diagnosis of diabetes because of a for the diagnosis of diabetes because of a 
better standardization of the analytical techniques. better standardization of the analytical techniques. 
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Studio ADAGStudio ADAG
(A1c(A1c--DerivedDerived--AverageAverage--Glucose)Glucose)

Tesi 

E’ possibile predire una glicemia media 
dei tre mesi precedenti il prelievo a 
partire da una misura di HbA1c
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Study PopulationStudy Population

1. 1. Type 1 and 2 diabetes (300 each) and 100 Type 1 and 2 diabetes (300 each) and 100 
healthy individualshealthy individuals

2. 2. Stable Stable glycaemicglycaemic controlcontrol

3.3. Recruit diverse ethnic groups, incl. white, black, Recruit diverse ethnic groups, incl. white, black, 
Hispanic, AsianHispanic, Asian

4.4. Range of HbARange of HbA1c1c concentrationsconcentrations

ADAG study
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Trial DesignTrial Design

1.1. Measure HbAMeasure HbA1c1c at baseline and all monthly visitsat baseline and all monthly visits

2.2. SMBG (SMBG (LifeScanLifeScan) 4x/d at least 3 days/week) 4x/d at least 3 days/week

3.3. Continuous glucose monitoring (CGMS, Medtronic) Continuous glucose monitoring (CGMS, Medtronic) 
over 48 h at 0, 4, 8 and 12 weeks over 48 h at 0, 4, 8 and 12 weeks 

4.4. 88--point SMBG (point SMBG (HemacueHemacue) during CGMS) during CGMS

ADAG study
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eAGeAGmgmg/d/dl l = 28.7 x HbA1c = 28.7 x HbA1c –– 46.746.7
eAGeAGmmommo/L /L = 1.59 x HbA1c = 1.59 x HbA1c –– 2.592.59
R2= 0.84, P<0.0001
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Nathan D et al, Diabetes Care 2008
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ConsensusConsensus documentdocument
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1. The HbA1. The HbA1c1c results should be standardized worldwide, including the referenresults should be standardized worldwide, including the reference ce 
system and results reporting.system and results reporting.

2.2. The IFCC reference system for HbAThe IFCC reference system for HbA1c1c represents the only valid anchor to represents the only valid anchor to 
implement standardization of the measurement.implement standardization of the measurement.

3.3. The HbAThe HbA1c1c assay results are to be reported worldwide in IFCC unit (assay results are to be reported worldwide in IFCC unit (mmolmmol/mol) /mol) 
andand derived NGSP unit (%), using the IFCCderived NGSP unit (%), using the IFCC--NGSP master equation.NGSP master equation.

4.4. If the ongoing If the ongoing ““average plasma glucose studyaverage plasma glucose study”” fulfillsfulfills its its a prioria priori specified specified 
criteria, an HbAcriteria, an HbA1c1c--derived average glucose (ADAG) value will also be reported derived average glucose (ADAG) value will also be reported 
as an interpretation of the HbAas an interpretation of the HbA1c1c result.result.

5.5. GlycemicGlycemic goals appearing in clinical guidelines should be expressed in Igoals appearing in clinical guidelines should be expressed in IFCC FCC 
units, derived NGSP units, and as ADAG.units, derived NGSP units, and as ADAG.

Diabetes Care 2007;30:2399 Diabetes Care 2007;30:2399 
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HbA1c
Assigned
IFCC RM

53 mmol/mol

NGSP =    7.00 % HbA1c* 
eAG =   154 mg/dL Glucose**

eAG =      8.6 mmol/L    Glucose**

* According to Clin Chem 2004;50:166-174
** According to Presentation ADAG Study at EASD Meeting, Amsterdam 18 September 2007 (Provisional Results)
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eAGeAG: a : a favorefavore

1.1. PazientiPazienti e e medicimedici, , utilizzandoutilizzando la la misuramisura
delldell’’emoglobinaemoglobina glicataglicata, , possonopossono riferirsiriferirsi
direttamentedirettamente allaalla glicemiaglicemia mediamedia

2.2. Non Non cc’è’è confusioneconfusione con i con i nuovinuovi numerinumeri
3.3. Data la Data la correlazionecorrelazione linearelineare tretre eAGeAG eded HbAHbA1c1c sisi puòpuò

subitosubito trasformaretrasformare ll’’HbAHbA1c1c in in eAGeAG
4.4. I I cliniciclinici sonosono gigiàà abituatiabituati allall’’utilizzoutilizzo didi parametriparametri

calcolaticalcolati ((eGFReGFR, , eLDLeLDL--cc))

A. Mosca 28

eAGeAG: : controcontro

1.1. Lo studio ADAG non include bambini, Lo studio ADAG non include bambini, donnedonne in in 
gravidanzagravidanza, , nefropaticinefropatici, , soggettisoggetti didi origineorigine asiaticaasiatica

2.2. Le Le elaborazionielaborazioni sonosono state state effettuateeffettuate unendounendo insiemeinsieme
soggettisoggetti non non diabeticidiabetici, , pazpaz. con . con diabetediabete t1 e t2t1 e t2

3.3. GliGli intervalliintervalli fiduciarifiduciari delladella eAGeAG sonosono molto molto ampiampi
4.4. La La glicemiaglicemia media media stimatastimata riduceriduce ilil peso peso delledelle

fluttuazionifluttuazioni glicemicheglicemiche ((ampiezzaampiezza e e frequenzafrequenza))
5.5. Non Non èè dettodetto cheche i i datidati del del singolosingolo pazientepaziente sianosiano

identiciidentici a a quelliquelli delladella media media delladella popolazionepopolazione
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Predicting mean glucose from Predicting mean glucose from 
HbAHbA1c1c

HbAHbA1c1c (%)    (%)    eAGeAG (mg/(mg/dLdL)    int. fid. 95 %)    int. fid. 95 %
55 9797 (76 (76 –– 120)120)
66 126126 (100 (100 –– 152)152)
77 154154 (123 (123 –– 185)185)
88 183183 (147 (147 –– 217)217)
99 212212 (170 (170 –– 249)249)

1010 240240 (193 (193 –– 282)282)
1111 269269 (217 (217 –– 314)314)
1212 298298 (240 (240 –– 347)347)

A. Mosca 30

The Diabetes Research in Children Network The Diabetes Research in Children Network 
((DirecNetDirecNet) Study Group) Study Group

‘‘For any given HbAFor any given HbA1c1c level, mean sensor level, mean sensor 
glucose levels differed by glucose levels differed by ……. 50 mg/. 50 mg/dLdL or or 
more, making the conversion of HbAmore, making the conversion of HbA1c1c

levels into mean glucose equivalents as levels into mean glucose equivalents as 
suggested by a recent ADA consensus suggested by a recent ADA consensus 
statement tenuous at best.statement tenuous at best.’’

DirecNet Study Group. Diabetes Care 2008; 31:381-385
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Standardizzazione IFCC dellStandardizzazione IFCC dell’’HbAHbA1c1c
-- il punto di vista dei produttori di diagnosticiil punto di vista dei produttori di diagnostici--
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Manufacturer
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Main meeting outcomes

1. Deadline for implementing traceability to the IFCC reference system is
December 31, 2009.

2. After January 1, 2011 all new instruments will report both SI units
(mmol/mol) and NGSP derived units (%).

3. The implementation of HbA1c result in terms of eAG will not be an issue
of the analytical systems.

4. EQA programmes will have to use commutable control materials with
target values assigned using the IFCC reference measurement
procedure, together with a clear definition of the clinically allowable
total error.

5. The IFCC WG-HbA1c is willing to review the proposed manufacturer’s 
traceability chain.
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Standardizzazione IFCC dellStandardizzazione IFCC dell’’HbAHbA1c1c
-- i prossimi i prossimi stepstep--
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Global standardization of HbA1c
- results reporting -

Country IFCC NGSP eAG other timeline
numbers numbers (starting from)

---------------------------------------------------------------------------------------------------------

USA no yes yes nd 2008 August

Sweden yes yes yes Swedish (?)
numbers

Japan yes no no JDS (?)
numbers

UK yes yes no 2009 June 1st

(dual reporting
up to June 1st 2011)

Germany yes* yes (?) (?)
-----------------------------------------------------------------------------------------------------------------
IFCC Network yes no no 2008 August

* Only for EQAS organizers and manufacturers

A. Mosca 38
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Conclusioni (HbAConclusioni (HbA1c1c))

•• la standardizzazione IFCC ha sviluppato un la standardizzazione IFCC ha sviluppato un 
sistema di riferimento adeguato e robusto per sistema di riferimento adeguato e robusto per 
un un analitaanalita di classe B (eterogeneo)di classe B (eterogeneo)

•• Il sistema di riferimento Il sistema di riferimento èè gigiàà implementato per implementato per 
la calibrazione dei produttori di diagnostici, la calibrazione dei produttori di diagnostici, 
deve esserlo per i professionisti di laboratoriodeve esserlo per i professionisti di laboratorio

•• la standardizzazione la standardizzazione èè un processo un processo 
collaborativo lungo che coinvolge diversi livelli collaborativo lungo che coinvolge diversi livelli 
di responsabilitdi responsabilitàà e di azioni concertate di tipo e di azioni concertate di tipo 
trasversaletrasversale


