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Diabetes
a global health problem

https://diabetesatlas.org/key-messages.html



What is diabetes?

• Diabetes is a chronic condition 

that occurs when the body 

cannot produce enough insulin 

or cannot use insulin

Adapted from IDF DIABETES ATLAS

Eighth edition 2017



Some figures...
Diabetes vs other major diseases

8.8% 7.0% 2.9% 0.8% 0.1%

Diabetes Hemoglobinopathies Malaria HIV/AIDS Tuberculosis

Major diseases prevalence in the world (WHO)



Some figures...
People with diabetes per country

Adapted from International Diabetes Federation Atlas (2015)



Some figures
Diabetes in Estonia

Adapted from http://diabetes.ee/

• About 70 000 people are diagnosed with 
diabetes in Estonia

• In addition, it is believed that about the same 
number of people suffer from stage II diabetes 
unknowingly



Diabetes: a global health problem

From IDF Diabetes Atlas, Seventh edition, 2015



Diabetes in Estonia
High probability of premature death (30 - 70 yo) 
from NCDs in Estonia among European 
countries



How to diagnose 
diabetes?



The guidelines

Adapted from the American Diabetes Association (ADA) guidelines (2018)



In Estonia 39% of

the patients reached the 

recommended target of

HbA1c <6.5% only

Diabetes Management



Adapted from the American Diabetes Association (ADA) guidelines (2018)

Individualized

A1c target

The guidelines



Individualized

A1c target will avoid

hospitalizations because

of hypoglycemia (9578 

hospitalizations attibuted

to intensive treatment)

Diabetes Management



Diabetes in Estonia
Avoidable hospital admissions for 
diabetes can be improved



Adapted from Health Systems in Transition Vol.20 No.1 2018 Estonia Health system review

Diabetes in Estonia

Goal of a quality bonus system (2006) : 

• increase the quality and effectiveness of preventive services

• improve monitoring of chronic diseases



The guidelines

• According to the ADA:

• Hb A1c testing must be done on a certified method

(NGSP, DCCT, IFCC)

• POC are not recommended for diagnosis

• Interpretation of the Hb A1c value must be done

according to factors impacting glycemia, such as 

hemoglobinopathies!



What is Hb A1c?



What is Hb A1c?

Hb

A

1

c

Hemoglobin...

... more precisely the A 
fraction ...

... which is glycated...

... with glucose on the N-
terminal valine(s) of the Beta 

chain(s)

What it is:

Not bilirubin, Not albumin, ...

Not all the Hb fractions, not Hb 
S or Hb C, ...

Not glycosylated (labile), not 
carbamylated, ...

Not with fructose, not on the 
Alpha chain, not elsewhere on 

the Beta chain, ...

What it is not:



What is Hb A1c?

• Definition (IFCC) :

• Hemoglobin (Hb A) that is irreversibly glycated at one or both N-

terminal valines of the beta chains

• Interests:

• Hb A1c is a mesure of the hemoglobin glycation

• Because the RBC have a lifespan of 120 days, Hb A1c reflects mean

glycemia of the last 3 months

• Hb A1c gives info on the long-term glycemic control and allows to

monitor the risk of developing complications



What is Hb A1c?

β1

β2

α1

α2

α1

α2

α1

α2

γ1

γ2

δ1

δ2

Hb A > 96,5% Hb F < 1% Hb A2 < 3,5%

Hb capillary electrophoresis



What is Hb A1c?
Hb A0
93-95%

Hb A1 = GHb

Glycated Hbs

5-7%

Hb A

+ + +

Hb A1a
0,5%

Fructose-1,6-

diphosphate

Glucose-6-phosphate

Hb A1b
0,5%

pyruvate

Hb A1c
4-6%

glucose

Hb F
Hb A2

Glycation at the

N-terminal Valin

of the β-globin chain



How to measure Hb A1c?

• Strict IFCC formula:



How to measure Hb A1c?

• Hb A1c on capillary electrophoresis:

Hb A1c

Hb A0

Hb A2

Strict IFCC formula 

application:

% Hb A1c = 100 x [Hb A1c 
area / (Hb A1c area + Hb A0 

area)]

Solution



How to measure Hb A1c?

• Most common laboratory methods:

Hb A1c Area / ∑ Hb A Area

Total glycated Hb / Total Hb

[Hb A1c] + [Hb A2c] / [Total Hb]

[Hb A1c] + [Hb A2c] / [Total Hb]

Immunoassay

Boronate Affinity

HPLC

Enzymatic Capillary Electrophoresis

Hb A1c Area /

(Hb A1c Area + Hb A0 Area)

“Blind” methods:

only a Hb A1c value

Separative methods:

Hb A1c value + Hb profile



When choosing/using Hb A1c 
method,
What should we pay attention to?



What should we pay attention to?

Biological/ 

clinical

interferences

Analytical

interferences

Analytical

performances



Biological/ 

clinical

interferences

What should we pay attention to?

Analytical

interferences

Analytical

performances



What should we pay attention to?
Analytical performances

• Accuracy = Only Imprecision (CV)?



What should we pay attention to?
Analytical performances

• Accuracy = Imprecision (CV) and Trueness (bias)

Low bias

High CV

High bias

High CV

Low bias

and low CV

High bias

Low CV



What should we pay attention to?
Analytical performances

• Accuracy = Imprecision (CV) and Trueness (bias)

Increasing

risk

of diabetes

5.8% - 6.4%

Low

Risk

< 5.8%

Diabetes

> 6.4%

Treatment

goal

< 7%

All the important “cut-off” are within 1.2 points.

CV and bias must be “perfect” in this range of measurements!



What should we pay attention to?
Analytical performances

• Accuracy = Imprecision (CV) and Trueness (bias)

Increasing

risk

of diabetes

5.8% - 6.4%

Low

Risk

< 5.8%

Diabetes

> 6.4%

Treatment

goal

< 7%

High bias: low trueness



What should we pay attention to?
Analytical performances

• Accuracy = Imprecision (CV) and Trueness (bias)

Increasing

risk

of diabetes

5.8% - 6.4%

Low

Risk

< 5.8%

Diabetes

> 6.4%

Treatment

goal

< 7%

High CV: low precision



What should we pay attention to?
Analytical performances

• Accuracy = Imprecision (CV) and Trueness (bias)

Increasing

risk

of diabetes

5.8% - 6.4%

Low

Risk

< 5.8%

Diabetes

> 6.4%

Treatment

goal

< 7%

Low bias and low CV: 

highly accurate



What should we pay attention to?
Analytical performances

• Accurate Hb A1c method = better patient 
management

Risk of retinopathy progression

(DCCT, diabetes 1995)

Risks for development of various complications

(Skyler JS, Endocrinol Metab Clin North Am, 1996)

For example, increase by 1 point the Hb A1c (from 7% to 8%)

means multiply by 2 the risk to develop complications after 7 years



What should we pay attention to?
How to assess analytical performances?

• IFCC certificates given to
manufacturers

• Example with capillary
electrophoresis instrument:

• Bias = 0.0 mmol/mol
and CV = 0.4 %

• Ranks “Gold” (Biological Variation
model)

• σ = 25 (Sigma-metrics model)

Goals: CV < 2% NGSP or 3% IFCC, 

Bronze « Rank » (BV model), σ > 2 (Sigma-

metrics)



What should we pay attention to?
How to assess analytical performances?

Chemistry (IA)

Boronate Affinity

HPLC

Capillary electrophoresis

Analysis of the CAP GH2-A 

survey



What should we pay attention to?
How to assess analytical performances?

Roche (IA)

Bio-Rad (HPLC)

Tosoh (HPLC)

Sebia (capillary electro.)

Analysis of the Italian Hb A1c 

EQA scheme



What should we pay attention to?
How to assess analytical performances?

Roche (IA)

Menarini/Arkray (HPLC)

Tosoh (HPLC)

Sebia (capillary electro.)

Bio-Rad (HPLC)

Siemens (IA)

Analysis of a new European

EQA scheme



What should we pay attention to?
Analytical interferences

• Each instrument is IFCC and NGSP certified

MINICAP 
FLEX 
PIERCING

CAPILLARYS 
3 OCTA

CAPILLARYS 3 
TERA

CAPILLARYS 3 
TERA MC3

CAPILLARYS 
3 TERA TLA

Stand Alone Workcell TLA

A solution fitted to your needs !

8 samples/h

43 samples/h

64 samples/h

192 samples/h

Productivity+

58 samples/h

Flexibility+



Biological/ 

clinical

interferences

What should we pay attention to?

Analytical

performances

Analytical

interferences



• Triglycerides, total hemoglobin, aspirin, etc

• List of interferences on the NGSP website:

– http://www.ngsp.org/interf.asp and http://www.ngsp.org/factors.asp

What should we pay attention to?
Analytical interferences

http://www.ngsp.org/interf.asp
http://www.ngsp.org/factors.asp


What should we pay attention to?

Analytical

performances

Analytical

interferences

Biological/ 

clinical

interferences



What should we pay attention to?
Biological/clinical interferences

• Presence of any pathological condition that could 
impact RBC lifespan and thus the Hb A1c 
production:

• Hemoglobin variants (e.g. Hb S)

• Thalassemias

• Around 7% of the worldwide population is carrier 
for an hemoglobinopathies (WHO)



What should we pay attention to?
Biological/clinical interferences

• In Estonia, according to the genetic 

background (Finnish, Russian…), β-

thalassemia, and Beta Hb Variant 

are found (HbS, Hb E, HbD, HbC)

• In Estonia, there is a change 

in population with a positive 

net migration 

http://globin.bx.psu.edu/cgi-bin/hbvar/query_vars3



What should we pay attention to?
Biological/clinical interferences

Separative methods
(CE, HPLC)

Blind methods
(IA, BA, ENZ)

5.1%
32 mmol/mol

5.1%
32 mmol/mol



What should we pay attention to?
Biological/clinical interferences

Separative methods
(CE, HPLC)

Blind methods
(IA, BA, ENZ)

5.1%
32 mmol/mol

5.1%
32 mmol/mol

Just a number. No added value.



What should we pay attention to?
Biological/clinical interferences

Hb A1c

Hb A0

Hb A2

Hb S

Separative methods
(CE, HPLC)

Blind methods
(IA, BA, ENZ)

5.1%
32 mmol/mol

5.1%
32 mmol/mol

Appropriate comment for the clinician

Just a number. No added value.



Hb S
Hb C

Hb D
Hb E

Hb A1c

Hb A1c

Hb A1c

Hb A1c

SolutionWhat should we pay attention to?
Biological/clinical interferences



What should we pay attention to?
Biological/clinical interferences

Adapted from Sacks D, AACC Webinar 2012



Adapted from Menezes MGS et al., J Bras Patol Med Lab. 2012

What should we pay attention to?
Biological/clinical interferences

Patients with Hb 

A/S or Hb A/C 

have a lower Hb 

A1c



Male, 72y

Presence of abnormal Hb 

peak = Hb S

Hb A1c

5.1%

Hb A0

Hb A2

Detection of Hb S

while Hb A1c is measured

Sickle Cell Trait, possibly

leading to spuriously

low Hb A1c value

What should we pay attention to?
Biological/clinical interferences

Hb S



What should we pay attention to?
Biological/clinical interferences

Adapted from Rhea JM et al., Arch Pathol Lab Med. 2013

Patients with Sickle Cell

Disease have no Hb A and thus, 

no Hb A1c. But some HPLC, IA 

and BA methods give a Hb A1c 

results, without any warning! 



• Increased level of HbF in case of

• Hereditary persistence of HbF

• β-thalassemia

• Sickle cell disease

• Pregnancy

• Anemia

• Leukemias

• Diabetes (Insulin treatment)

α1

α2

γ1

γ2

What should we pay attention to?
Biological/clinical interferences



are minor glycated HbA  

[100 x (HbA1c area / ∑ HbA area)]

∑ HbA area = ∑ (  HbA1a1/a2 +  HbA1b  +  

LA1c  +  HbA1c  +  P3  +  HbA0 )

A1a1 +A1a 2 & A1b

HbA1a1/a2 HbA1b

%HbA1c =

HbA1c

in which  the                 co-elutes   HbF



Hb A

[Hb A1c]

Hb F

Hb A2

[Total Hb]

1

2

%HbA1c =

[HbA1c] / [Total Hb]
Total Hb will be falsely increased

by elevated HbF



Profile with HbF ≤23%, Hb A1c can be reported with a 
comment after evaluating the clinical context



What should we pay attention to?
Biological/clinical interferences

• Presence of any pathological condition that could 
impact Hb A1c production (clinical and/or analytical 
interferences):

• Iron Deficiency Anemia

• Vitamine B12 deficiency

• Antiretroviral treatment

• Hyperthyroidism

• Etc

Adapted from Gallagher EJ et al,

Journal of Diabetes 2009



What should we pay attention to?
Biological/clinical interferences

Pathology Effect on Hb A1c Effect on Hb

Iron Deficiency Anemia Spuriously high Hb A1c values Lowered Hb A2

Vitamine B12 deficiency Spuriously high Hb A1c values Elevated Hb A2

Antiretroviral treatment Spuriously low Hb A1c values Elevated Hb A2

Hyperthyroidism Spuriously high Hb A1c values Elevated Hb A2

Hb A2 can be seen

and quantified by CE 

and few HPLCs



What should we pay attention to?
Biological/clinical interferences

HbA2

HPLC using short elution program (HbA1c mode)



Female, 57y

MCV = 77.6 fl (!)

Iron = 6.06 µmol/l (!)

Ferritine = 13.3 µg/l (!)

Transferrine = 3.38 g/l (!)

Hb A1c

7.1% (!)

Hb A0

Hb A2

1.6% (!)

Detection and quantification of the Hb A2

while Hb A1c is measured

IDA, possibly leading to 

spuriously high Hb A1c 

value

What should we pay attention to?
Biological/clinical interferences



Presence of SEBIA Hb A1c capillary technology 

in the Nordic countries



Allows autonomous overnight running for big laboratories

Faster TAT compared to track solution 

Cost saving solution compared to total laboratory automation

Many possibilities of workflow due to multiple techniques on board and the 
system flexibility

St Giovanni hospital in 

Florence, Italy

Two MC3 configurations for 

HbA1c/Hb and P6/IT

SEBIA Hb A1c capillary technology 
experience worldwide



We value and support good 

scientific practices  

Main activities

▪ Technology evaluations

▪ Laboratory accreditation

▪ Clinicians’ education programs

▪ User’s assistance for

interpretation

▪ Scientific Advisory Board

▪ KOL collaboration

Sebia support

Scientific Activities



The Sebia support

Customer support – STC and Sebia Academy

SCIENTIFIC AND TECHNICAL SUPPORT

The Scientific Support Department based in our local Headquarters and at the Sebia

affiliates level is dedicated to ensure customer support – 6 Highly qualified PhD

Sebia Academy

In the last 3 years, the Scientific & Technical Support Department at the Headquarters in

France, delivered training to about 5600 people (customers and distributors), both on site

and during local events.

- Fully dedicated to total customer satisfaction 

offering daily assistance for technical and 

scientific matters

- Second Level support composed by 6 PhDs, 

highly qualified to answer to the customers 

needs



Direct customers

Laboratories

Productivity

Walk-away

Accuracy

Indirect customers

Clinicians

Accuracy

Medical expertise

Accurate
and Fast

Diagnostic

Optimal 
treatment

Less
complication

Indirect customers

Patients

Comprehensive

results

Reliable treatment

Unique Sebia Hb A1c Separative Solution:
We do it right, better, and faster!



Conclusions



Conclusion

• Hb A1c is an important diabetes marker
• Long-term glycemia

• Hb A1c responds to a strict IFCC definition and
calculation

• Hb A1c is not glycated hemoglobin

• Hb A1c production is sensible to pathologies
affecting RBC lifespan



Conclusion

• When choosing/using Hb A1c method, we should
pay attention to:

• The analytical performances (CV and bias)

• The analytical interferences (all conditions that interfere with the
measure)

• The biological/clinical interferences (all condition that can lead
to misinterpretation of the Hb A1c value)

• Only separative technique (such as capillary
electrophoresis) bring medical added values

• Allow simultaneous detection of several pathological conditions

• Permit a correct Hb A1c interpretation



Any questions?



Tänan tähelepanu eest!


