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What is Hemoglobin A1c? 

• Glycation is the non-enzymatic addition of a 
sugar to amino groups of proteins. 

o High A1c% = Increased Time + High glucose 

• Diagnostic Criteria
• >6.5% = diabetes 

• 5.7-6.4% = prediabetes 

• < 5.6% = optimal 

• Measured every 3 months
• RBC life-cycle 120 days 
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Hemoglobin A1c Assays

• Ion Exchange HPLC (31% of US Laboratories)

• Capillary Electrophoresis (1%)

• Boronate Affinity Chromatography (2%)

• Immunoassay (26%)

• Point of Care (POC) (40%)
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Hemoglobin A1c Assays: Chromatography

• CE

• Separates by: 

o Size and charge

• A1c calculated: 

o ___A1c__    

A1c + HbA

• IE-HPLC

• Separates by: 

o Charge

• A1c calculated: 

o ___A1c__    

Total HbA*

*Total HbA can include: Hb A, Hb 

A1a, Hb A1b, Hb F (this varies 

based on manufacturer) 



Chromatography Methods: Diabetic patient

HPLCCE 

A1c% = 6.6 A1c% = 6.8

HbA0

HbA1c
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Other Hemoglobin A1c Assays

• Boronate Affinity 

Chromatography

• Quantified by: 

o Boronate binds cis-diol 

groups of glucose to 

separate glycated from 

non-glycated

• A1c calculated: 

o _Glycated Hb_    

Total Hb

• Immunoassay

• Quantified by: 

o Antibody specific for the 

glycation epitope of A1c 

(turbidimetry)

o Spectrophotometric 

measurement of Hb

• A1c calculated: 

o _Hb A1c_    

Total Hb
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Other Hemoglobin A1c Assays

• Enzymatic 

• Quantified by: 

o Reaction of fructosyl peptide oxidase with the β-chain 

peptide produced by fructosyl peptide protease 

–Results in formation of H2O2 and a color change 

» Directly proportional to the HbA1c concentration

o Spectrophotometric measurement of Hb (Hb → Met Hb

during pre-treatment)

• A1c calculated: 

o _Hb A1c_    

Total Hb
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Other Hemoglobin A1c Assays

• Point of Care (POC) Hb A1c

• Mostly immunoassays

o One Boronate method seeking FDA approval

• Current guidelines 

o Diagnosis cannot be made using a POC device 

• Good quality assurance programs (QAP) are needed 

o Capable of meeting quality goals when QC is used

• Cannot detect Hb variants 
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What can change Hb A1c? 

• RBC survival (shorter life = 
decreased A1c)

• Iron deficiency anemia and 
Vitamin B12 deficiency 
(increased A1c)

• Hemoglobin variants 
(varies)

• Point mutations in Hb A 
(i.e. Hb C, D, E, F, and 
S)
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Hemoglobin Variants

• Point mutations in Hemoglobin genes (α,β,δ, etc.)

• Can be clinically silent or clinically significant

• Common variants: Hb C, D, E, F, and S 

• >1000 identified to date

o Some rare variants: Hb J-Baltimore, La Desirade, 

G-Philadelphia

• Phenotypes: 

• Anemia 

• Changes in oxygen binding affinity 

• Structural stability alterations

• Shorten/Lengthen RBC half-lives 
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What to do if the A1c is not reliable

• Alternative analytes: 

• Fructosamine 

o Assesses glycemic control over the past 3 weeks 

o Measures primarily glycated albumin 

o Clinical assays sensitive to interferences and preanalytical
variables 

• 1,5-anhydroglucitol (GlycoMark)

o Assesses glycemic control over 2-14 days 

o Decreased levels → Increase glucose (>180 mg/dL)

– Excreted in  urine when glucose is high 

o Can also be decreased in patients with CKD stage 4/5
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What to do if the A1c is not reliable

• Alternative analytes: 

• Glycated Albumin

o Albumin is 10x more sensitive to glycation than Hb

o Assesses glycemic control over 2-3 weeks 

– Albumin half-life = 2 weeks 

o Correlates well with Hb A1c values (Japanese Study 

Group)
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Conclusions

• Five main methods for measuring A1c 

• Capillary Electrophoresis 

• IE-HPLC

• Boronate HPLC 

• Immunoassays

• Enzymatic

• No Consensus for how to calculate A1c 

• But harmonization has helped

• Useful tool for clinicians to monitor glycemic control in diabetic 
patients 

• Linked to negative outcomes of diabetes

o Example: Retinopathy 
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