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  HbA1cاندازه گیری و تفسیر آزمایش 
و معیارهای انتخاب روش

 دکتر محمدرضا بختیاری
Ʊدکتری علوم آزمایشگاهی تشخص ط 

ǐمتخصص بیوتکنولوژی پزش

(Measurement / Interpretation of HbA1c & Method Selection Criteria)
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Case Studies:

Case 1: A 44 y/o female screened for diabetes:

 HbA1c= 46% (Biorad, HPLC)

 HbA1c= 2.9% (Bayer DCA 2000, Immunoassay)

 HbA1c= 4.2 (Primus, Affinity C.)

Which one is correct?

Case 2: A 20 y/o male patient

FBS= 165 mg/dL

HbA1c level= 18.2% 
HbA0 level= 81.5% 

Method: Ion-exchange HPLC (Agilent 1200 HPLC system)

Should the HbA1c result be released?
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Learning Objectives

 Clinical importance of HbA1c measurement
 Biochemistry of HbA1c
 NGSP Standardization Program (1996)
 HbA1c Methodologies
 Interferences in HbA1c measurement
 Alternative measures of glycaemia
 How to choose a proper method
 Cases
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Why is HbA1c so Important?

DCCT=Diabetes Control and Complications Trial 
UKPDS=UK Prospective Diabetes Study
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Diabetes Control Chart
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DM Diagnosis based on Lab Tests

HbA1c Recommended for Diagnosis by ADA in addition to Monitoring (2011)
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MAGKOS ET AL., 2023, Physiol Rev 103: 7–30
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MAGKOS ET AL., 2023, Physiol Rev 103: 7–30
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MAGKOS ET AL., 2023, Physiol Rev 103: 7–30
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ABCD position statement on haemoglobin A1c for 
the diagnosis of diabetes
E. Kilpatrick, P. Winocour
Published 1 September 2010
Medicine Practical Diabetes International
DOI:10.1002/PDI.1508
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MAGKOS ET AL., 2023, Physiol Rev 103: 7–30

Errors ?
• Bias

• Pos Bias
• No Bias
• Neg Bias

• Imprecision
• CV= 1%
• CV= 2%
• CV= 5%
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Agar gel electrophoresis, pH 6.2. 

History of HbA1c

https://archive.ph/20130414171216/http://www.diabetes.org/about-us/national-achievement-awards-2012/national-science-and-health/rahbar-outstanding-discovery-2012.html

An abnormal hemoglobin in red cells of diabetics.
Samuel Rahbar in Clinica Chimica Acta vol. 22(2) pp. 296-298 (1968)

a: Hb A+x; 

b: normal; 

c: Hb A+Hb F.
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Protein Glycation

Assumptions for use of HbA1c as a Monitor of Glycemia:
 Hb is present at a constant concentration
 RBC life span is constant
 Micro-Environment is constant

Glucose is the only Variable
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Fructose 1,6 di-phosphate

Glucose 6 phosphate

D--Glucose

(βN-1-deoxyfructosyl-hemoglobin )

Hb Variety in Adults
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What: Equal Results
Any Lab
Anywhere in the World
Irrespective of Technique or Manufacturer

Achieved: Uniform Interpretation
Clinical Guidelines
Clinical Decision Limits
Literature

Benefits: Reliability
Patient Safety
….

HbA1c Standardization
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https://ngsp.org/
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HbA1c Standardization

NGSP Laboratory Network
I. Administrative Core (NETCORE)

II. Central Primary Reference Laboratory (CPRL)

III. 2 Primary Reference Laboratories (PRL)

IV. 10 Secondary Reference Laboratories (SRLs)
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HbA1c Standardization

The CPRL analyzes HbA1c by HPLC using Bio-Rex 
70 resin following the existing CPRL method 
protocol. 

and sets the initial calibration for the 
standardization program based on the "set-point" 
used in the DCCT. 

The CPRL must document an accepted level of 
precision (total imprecision <3%) following NCCLS 
EP5-A2 guidelines.

Back-up PRLs and SRLs calibrate their assays so 
that results from fresh blood specimens agree 
with the CPRL.

The CPRL administers a monitoring program for all 
certified PRLs, SRLs, and Level 1 Laboratories.
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1.HbA1c test results should be standardized worldwide, incl. the ref. system and results reporting.

2.The IFCC reference system for HbA1c represents the only valid anchor to implement standardization of the measurement.

3.HbA1c results are to be reported by clinical labs worldwide in SI units (mmol/mol, no decimals) and derived NGSP units (%, 
one decimal), using the IFCC-NGSP master equation (DCCT units).

4.HbA1c also reported as eAG.

5.The reportable term for glycated hemoglobin is HbA1c, although other abbreviations may be used in guidelines and 
educational material (A1C).

Consensus Statement on the Worldwide Standardization of the HbA1C Measurement

HbA1c Standardization
Milan 2007
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Over 20 Years of Improving Hemoglobin A1c Measurement

Clinical Chemistry 65:7 (2019)
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Immunoassays for Measurement of HbA1c

https://medcraveonline.com/JNMR/laboratory-diagnosis-of-hba1c-a-review.html

Latex Enhanced Immunoassay Method
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Enzymatic Measurement of HbA1c

FVO= recombinant Fructosyl Valine Oxidase 
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Boronate Affinity Chromatography for Measuring HbA1c
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Ion-exchange High-Performance Liquid Chromatography (HPLC) for HbA1c measurement
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HPLC system for HbA1c
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Capillary Electrophoresis (CE) for Measuring HbA1c
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HbA1c Biosensors

https://doi.org/10.3390/s17081798

Figure 1. SchBe) mT3aBtiAc;i lalnuds t(rCa)t iAonPBoAf coorn FsPtrBuAc tfioorn HobfAb1ocr orenciocganciitdio-nb.a sed HbA1c 
sensors by using (A) FcBA; (B) T3BA; and (C) APBA or FPBA for HbA1c recognition.
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HbA1c Lab-on-a-Disk
https://doi.org/10.1016/j.talanta.2018.07.081
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Commercial Methods Recommended for HbA1c
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1. Renal Disease (Uremia)

2. Anemias & RBC Turnover Changes

3. Hypertriglyceridemia

4. Drugs

5. Hb Variants (Hemoglobinopathies)

Interferences in HbA1c measurement
(Interpretation Challenging Factors)
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Carbamylated Hemoglobin

1. Renal Disease (Uremia)

2. Anemias & RBC Turnover Changes

3. Hypertriglyceridemia

4. Drugs

5. Hb Variants (Hemoglobinopathies)
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False Variations of HbA1c 
(Confounding factors) 

1. Renal Disease (Uremia)

2. Anemias & RBC Turnover 
Changes

3. Hypertriglyceridemia

4. Drugs

5. Hb Variants (Hemoglobinopathies)
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False Variations of HbA1c 
(Confounding factors) 

1. Renal Disease (Uremia)

2. Anemias & RBC Turnover 
Changes

3. Hypertriglyceridemia

4. Drugs

5. Hb Variants (Hemoglobinopathies)

DOI:10.4103/2230-8210.98004
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Investigation of Triglyceride Interference in HbA1c assays

1. Renal Disease (Uremia)

2. Anemias & RBC Turnover Changes

3. Hypertriglyceridemia

4. Drugs

5. Hb Variants (Hemoglobinopathies)
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Bio-Rad D-100,
Sebia CAPILLARYS
Siemens Dimension Vista®
HbA1c results did not show significant bias up to 65 mmol/L (57 g/L)
triglycerides for 100%, 95% and 81% of specimens, respectively.

Beckman Coulter AU™
Roche COBAS® 
HbA1c results showed significant bias above 10 mmol/L triglycerides (-
12% for both), although these methods showed more random variation 
and/or a negative bias at low levels of triglycerides.

Ortho VITROS® 
Abbott ARCHITECT™
HbA1c values were significantly depressed above a 10 mmol/L 
triglyceride threshold (-16% and -19% average bias, respectively), with 
bias increasing in proportion to the degree of lipemia.

Investigation of Triglyceride Interference in HbA1c assays
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1. Renal Disease (Uremia)

2. Anemias & RBC Turnover Changes

3. Hypertriglyceridemia

4. Drugs

5. Hb Variants (Hemoglobinopathies)

False Variations of HbA1c 
(Confounding factors) 

DOI:10.4103/2230-8210.98004
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1. Renal Disease (Uremia)

2. Anemias & RBC Turnover Changes

3. Hypertriglyceridemia

4. Drugs

5.Hb Variants (Hemoglobinopathies)
A2, F, C, D, E, S

Interferences in HbA1c measurement
(Interpretation Challenging Factors)
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Capillary Electrophoresis system for HbA1c
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1. Patients may already be known to have variants

2. HbA1c results discordant from prevailing blood Glucose

3. Abnormal Chromatograms

 More than 700 known Hb Variants

 Many clinically silent
 Variable interference with HbA1c

How are Hb variants detected?



2/12/2023

25

49 of 81

1. Analytical Interference (Method Dependent)

 Does the result match the prevailing Glucose?
 At first test by an alternative method (Different Principle)
 Check Hb, Indices, Blood Film
 Hb Electrophoresis
 Mass Spectrometry
 DNA sequencing

2. Altered RBC Turnover

How Hb Variants can affect HbA1c?

50 of 81

Analytical Interference  
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HbA1c chromatograms on the Bio-Rad D-100 for some Hb variants
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HbA1c chromatograms on the Bio-Rad D-100 for some Hb variants 
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Department of Pathology, Brigham & Women’s Hospital, Harvard Medical School, 75 Francis St., Boston, MA 02115.
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A Case Study:

A 44 y/o female screened for diabetes:

1. HbA1c= 46% (Biorad, HPLC)

2. HbA1c= 2.9% (Bayer DCA 2000, Immunoassay)

3. HbA1c= 4.2 (Primus, Affinity C.)

Which one is correct?

How variants can affect HbA1c?

56 of 81

A 20-year-old male patient
FBS= 165 mg/dL
HbA1c level= 18.2%
HbA0 level= 81.5% (ion-exchange HPLC method) (Agilent 1200 HPLC system)
Hemoglobin electrophoresis was performed with Interlab G26 agarose electrophoresis automated compact system. 
HbA0= 87.9%, Hb H= 10.8%, Hb A2= 1.3% 

CBC= Values were within reference ranges except MCV (79.6 fL) . 

It is important to keep in mind that HbA1c might be falsely high with ion-exchange HPLC method because of Hb H containing sample.
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   Factors that Interfere with HbA1c Test Results
HbA1c Falsely Lowered HbA1c Falsely Elevated

Biological 
Factors

Erythropoiesis

• Increased erythropoiesis:
• Erythropoietin/Iron/Vitamin B12 Therapy;
• Reticulocytosis1;

• Chronic Liver Disease

• Decreased erythropoiesis
• Fe / Vitamin B12 Def.

• Renal Failure

Glycation
• Aspirin (small doses); 
• High doses of vitamin C or vitamin E;
• Certain hemoglobinopathies1

• CKD
• Alcoholism

Erythrocyte Life Span

• Shortened erythrocyte life span1,3,5:
• Hemolytic anemia;
• Splenomegaly;

• Rheumatoid arthritis;1

• Nephritis;3

• Liver Disease3; 
• Sepsis3; 
• Certain hemoglobinopathies1; 
• Paroxysmal nocturnal hemoglobinuria
• Drugs such as antiretrovirals, ribavirin and dapsone

• Increased erythrocyte life 
span

• Splenectomy

Analytical
Factors

Assay Method 
Interference

• HyperTriglyceridemia
• Certain hemoglobinopathies

• Hyperbilirubinemia 
• Carbamylated Hb
• Certain 

hemoglobinopathies
• Chronic opiate usage
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Mechanism of Fructoseamine formation
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https://myendoconsult.com/learn/fructosamine-to-a1c-conversion-calculator/

Fructosamine HbA1c Relationship
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Comparison of Bio-Rex 70 HPLC results and those by CE
(n=100)
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https://iacld.com/
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IFCC model for Quality Targets of HbA1c

Impact of bias and imprecision on the clinical
interpretation of a sample with an HbA1c of 43 mmol/mol (6.1%).

IFCC model to set and evaluate quality targets for HbA1c

Journal of Diabetes Science and Technology 2018, Vol. 12(4) 747–752

Fail

Pass
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Biological Variation of HbA1c &
Analytical Performance Specification
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Biological Variation of HbA1c &
Analytical Performance Specification
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Models applied to 26 manufacturer/instrument means in CAP 2014 GH2-A survey

• Black star represents the overall mean of all laboratories

• Specific manufacturers with colors for analytical principles:
• green (immunoassays) 
• red (ion exchange HPLC) 
• yellow        (boronate affinity HPLC)
• blue (capillary electrophoresis)
• gray           (dry Chemistry)

• Circles (laboratory instruments) 

• Squares (POCT/ dry chemistry instruments)

Clinical Chemistry 61:5 752–759 (2015)

78 of 81

Evaluation of Performance of Laboratories and Manufacturers Within the 
Framework of the IFCC model for Quality Targets of HbA1c (2017)

IFCC model applied to 26 manufacturer/instrument
means in CAP 2017 GH-5a survey (Sample GH5-01; HbA1c

46 mmol/mol, 6.4%) in the United States.
• Black star represents the overall mean of all laboratories

• Specific manufacturers with colors for analytical principles:
• green (immunoassays) 
• red (ion exchange HPLC) 
• yellow        (boronate affinity HPLC)
• blue (capillary electrophoresis)
• pink (enzymatic assays)

• Circles (laboratory instruments) 

• Squares (POCT/ dry chemistry instruments)

Journal of Diabetes Science and Technology 2018, Vol. 12(4) 747–752
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(A) Abbott Architect c enzymatic,               Pass
(B) Abbott Architect I System,                         Fail
(C) Axis-Shield Afinion,                                   Pass
(D) Beckman AU systems,                              Fail
(E) Beckman UniCel DxC Synchron,              Fail
(F) Bio-Rad D100,                                         Pass
(G) Bio-Rad D10,                                           Pass*
(H) Bio-Rad Variant II,                                    Pass*  
(I)   Bio-Rad Variant II Turbo,                         Pass
(J)  Bio-Rad Variant Turbo 2.0,                    Pass                     
(K) Roche Cobas c311,                                  Fail 
(L) Roche Cobas c500 series,                        Fail
(M) Roche Cobas Integra 400,                     Pass
(N) Roche Cobas Integra 800,                     Pass 
(O) Sebia Capillarys 2 Flex Piercing,          Pass 
(P) Siemens Advia Chemistry Systems,         Fail 
(Q) Siemens DCA 2000/20Q0+,                     Fail
(R) Siemens DCA Vantage,                          Pass
(S) Siemens Dimension ExL,                         Fail
(T) Siemens Dimension RxL,                         Fail
(U) Siemens Dimension Vista,                       Fail
(V) Siemens Dimension Xpand Fail, 
(W) Tosoh G7 Auto HPLC,                           Pass
(X) Tosoh G8 Auto HPLC,                              Pass
(Y) Trinity Biotech Premier Hb9210,              Pass
(Z) Ortho Clin Diag Vitros 5,1 FS, 4600, 5600 Chem System.     Pass

Evaluation of Performance of Laboratories and Manufacturers Within the 
Framework of the IFCC model for Quality Targets of HbA1c

80 of 81

Evaluation of Performance of Laboratories and Manufacturers Within the 
Framework of the IFCC model for Quality Targets of HbA1c

Sebia Capillarys 2 Flex Piercing,          Pass 

Tosoh G7 Auto HPLC,                            Pass

Roche Cobas Integra 400,                     Pass

Siemens Dimension Vista,                       Fail
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M Reza Bakhtiari, DCLS, PhD

تشکر از توجه شما

و معیارهای انتخاب روش HbA1cاندازه گیری و تفسیر آزمایش 

به امید دیدار


