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What about analytical goals?  
IFCC-IUPAC conference, Stockolm 1999 

1.  Evaluation of the effect of analytical performance 
on clinical outcomes in specific (general) clinical 
settings  
–  data based on components of biological 

variation  
–  data based on analysis of clinicians' opinions  

2.  Published professional recommendations  
3.  Performance goals set by regulatory bodies or 

EQAS organizers 
4.  Goals based on the current state of the art  
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Defining the analytical goals 

•  Biological variation 
•  Clinical needs 
•  Opinion of experts 



Analytical goals  
clinical outcomes 

•  Few examples in Laboratory Medicine 
•  For HbA1c: simulation based on the DCCT 

study (CLSI C54-P, 2007) 
–  Poor glycemic control: HbA1c >8% 
–  Good glycemic control: HbA1c<7% 
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Allowable total error: to correctly classify 
a subject who has a true HbA1c value of 
7.5%, measurement error must not 
exceed 0.5% in absolute terms  
 

±0.5 % (absolute) 
±6.7 % (relative) 

Clin Chem Lab Med 2010;48(5):623–626 ! 2010 by Walter de Gruyter • Berlin • New York. DOI 10.1515/CCLM.2010.140

2010/900
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Abstract

This document is issued by the Italian Society of Clinical
Biochemistry and Clinical Molecular Biology (SIBioC) and
a number of other National Scientific Societies and Associ-
ations in order to promote a coordinated plan for imple-
menting the standardization of glycated hemoglobin (HbA1c)
measurement in Italy according to the recommendations by
the International Federation of Clinical Chemistry and Lab-
oratory Medicine (IFCC). Changes in reporting HbA1c

results, new units, how to relate old and new units, a timeline
for changes and definition of the analytical goals are the
main issues discussed.
Clin Chem Lab Med 2010;48:623–6.

Keywords: Diabetes Control and Complication Trial; exter-
nal quality assessment; National Glycohemoglobin Standard-
ization Program.

Introduction

Glycated hemoglobin (HbA1c) is routinely measured in
patients with diabetes mellitus to monitor their glycemic and
metabolic control in the medium to long term (1, 2). This
practice is the outcome of several randomized clinical trials,
the most important of which are the ‘‘Diabetes Control and
Complication Trial’’ (DCCT) and the ‘‘UK Prospective Dia-
betes Study’’ (UKPDS). These studies demonstrated a close
correlation between glycemic control, as evaluated by meas-
uring HbA1c, and the risk of onset and progression of chronic
diabetic complications (3, 4).

To enable their use worldwide, HbA1c measurement pro-
cedures needed to be standardized. Thus, the International
Federation of Clinical Chemistry and Laboratory Medicine
(IFCC) formed a study group to address this issue in 1995
(IFCC WGHbA1c). Thanks to the activities of the WGHbA1c,
a reference measurement procedure is now available (5), two
primary reference materials have been produced (6), an inter-
national network of reference laboratories for HbA1c has
been implemented (7) and master equations have been devel-



Analytical goals derived from 
biological variation 

A. Mosca - UniMI 7 
Fraser et al, Ann Clin Biochem 1997;34:8-12 6 

2) TRAGUARDI ANALITICI DERIVATI DALLA 
VARIABILITA’  BIOLOGICA 

• CVA ≤  0,25  CVI  (Optimal) 

• CVA ≤  0,5  CVI  (Desirable) 

• CVA ≤  0,75  CVI  (Minimal) 

• BA < 0.125 (CVI
2 + CVG

2)0.5 (Optimal) 

• BA < 0.25 (CVI
2 + CVG

2)0.5 (Desirable) 

• BA < 0.375 (CVI
2 + CVG

2)0.5 (Minimal) 

• TEa % = 1.65 (0,25 CVI) + 0,125 (CVI
2 + CVG

2)1/2 (Optimal) 

• TEa % = 1.65 (0,5 CVI) + 0,25 (CVI
2 + CVG

2)1/2 (Desirable) 

• TEa % = 1.65 (0,75 CVI) + 0,375 (CVI
2 + CVG

2)1/2 (Minimal) 

[Fraser, et al. Ann Clin Biochem 1997;34:8-12] 

IMPRECISIONE INESATTEZZA 

ERRORE TOTALE 

IMPRECISION TRUENESS 

TOTAL ERROR 
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Pre-analytical variation:  
general sources 

•  Sex 
•  Age 
•  Race 
•  Food and drugs 
•  Seasonal variations 
•  Sample collection and storage 
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Th ideal protocol for the determination of 
the biological variability of an analyte  

•  Apparently healthy subjects 
•  No drugs or alcohol, usual life styles 
•  Phlebotomy by the same person at the same time 

of the day 
•  Optimal protocol for sample transport, processing 

and storage at -80 °C 
•  Analysis of all samples in a single run, in duplicate 

Braga et al, Clin Chim Acta 2010;411:1606-1610 
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Experimental protocol 
•  N = 18 healthy subjects 

–  N = 9 Men 
–  N = 9 Women 
–  Age: 26 – 52 y 

•  Five blood samples (every 2 weeks for 2 months) 
•  Parameters:  

–  HbA1c, glycated albumin, fructosamine, HbA2 
–  RBC, WBC, PLT, Hb, MCH, MCHC, MCV, RDW  

•  Measurements on fresh blood samples (whole blood 
cell count) and storage at -80 °C until analysis (minor 
hemoglobins, glycated albumin and fructosamine) 

•  Analysis of HbA2 by HPLC 



A. Mosca - UniMI 13 

Data analysis 

•  Analytical variation: from the duplicate results for 
each specimen or from internal QC (whole blood 
cell count) 

•  Intra-individual variation: from the serial results for 
each subject 

•  Inter-individual variation: from the total variance of 
data, minus the analytical and intra-individual 
components 

σ2
total = σ2

anal + σ2
I + σ2

G 





Group HbA2 
% 

CVI 
% 

CVG 
% 

Males 2.74 0.8 5.4 

Females 2.63 0.6 9.2 

All 2.69 0.7 7.7 

Biologic variation of HbA2 

No difference  in HbA2 mean values between genders (p=0.265) 



Analytical 
goal 

Quality level 

Minimal Desirable Optimal 

Imprecision, % 0.5 0.3 0.2 

Bias, % 2.9 1.9 1.0 

Total error, % 4.5 3.0 1.5 

HbA2 

HbA2, analytical goals (1) 
 

- Biologic variation -  





  Parameter Value CVI 
% 

CVG 
% 

Hb, g/dL           M 
                          F  
                         All                    

15.5 
13.1 
14.4 

2.6 
3.2 
2.8 

6.0 
3.9 

10.2 

MCH, pg            M 
                          F   
                         All         

30.3 
29.4 
29.9 

--- 
1.2 
0.7 

2.9 
7.3 
5.5 

MCV, fL             M 
                          F    
                         All         

89.3 
89.8 
89.5 

1.0   
1.1 
1.0 

2.4 
4.3 
3.4 

RBC, 1012/L         M 
                          F 
                         All 

5.1 
4.4 
4.8 

2.9 
3.0 
2.9 

4.7 
4.8 
8.5 

2.8 6.6 

1.6 5.2 

1.3 4.8 

3.2 6.1 

data from Westgard’s database 



Parameter 
Desirable analytical goal 

Imprecision 
% 

Bias 
% 

TE 
% 

Hb 1.4 2.6 7.3 

MCH 0.4 1.4 2.5 

MCV 0.5 0.9 2.6 

RBC 1.5 2.3 7.1 

Whole blood cell count 

1.4 1.8 4.1 

0.8 1.4 2.7 

0.7 1.2 2.3 

1.6 1.7 4.4 

data from Westgard’s database 



HbA2, analytical goals (2) 
 

- clinical needs -  

HbA2 = 3.3 % (upper normal)  
HbA2 = 3.8 %  (low β-thal carrier) 
 
HbA2 = 3.55 %à ? 
 
TE = 0.25/3.55 x 100 =  7.0 %  



HbA2, analytical goals (3a) 
 

- opinion of the experts -  

Mosca et al.: Analytical goals for HbA2      3

Quality level Imprecision,  % Bias,  % Total error,  % 

Optimal 0.2 1.0 1.5
Desirable 0.3 1.9 3.0
Minimal 0.5 2.9 4.5

 Table 1      Analytical goals for HbA 2  measurement derived from data 
on biologic variation.  

Case no. Description/question

1 A pregnant woman is tested for  β -thalassemia as part 
of her antenatal screening blood tests. The HbA 2  result 
is 3.5 % . RBC, MCH, MCV are within the normal range. A 
repeat test is taken and this gives a result of 3.2 % .
Do you believe this new HbA 2  result to be significantly 
different from the previous value of 3.5 % ?
Yes/No

2 A pregnant woman is tested for  β -thalassemia as part of 
her antenatal screening blood tests. The HbA 2  result is 
3.2 % . Iron studies undertaken at the same time indicate 
that she has iron deficiency. She is given iron supple-
ments for 3 months after which time still MCV, MCH and 
Hb are low and a repeat test is taken. This gives a result 
of 3.7 % .
Do you believe this difference to be significant ? 
Yes/No

3 A patient suspected of having a hemoglobinopathy is 
referred for counseling. The notes show repeat HbA 2  
testing for  β -thalassemia, in the same laboratory using 
an HPLC method:
Date Result
21.3.2011 3.7 % 
1.4.2011   3.4 % 
2.5.2011   3.8 % 
1.6.2011   3.5 % 
Do you consider the differences to be significant ? 
Yes/No

 Table 2      Questionnaire to derive analytical goals based on clinical 
needs and opinion of experts.  

syndromes and various hemoglobin disorders, mostly 
sickle cell anemia (team A) and by an international team 
of more than 100 laboratory professionals (team B). The 
survey was performed during two recent international 
meetings (Sebia advisory board meeting, 25 May 2012, 
Sebia, Lisses (France), and VI international symposium on 
hemoglobins  [12] ), and the results were collected by email 
(team A) and by televoting during the conference (team B). 
They were asked to answer the questions related to three 
clinical cases, as illustrated in Table  2  . 

 The first case history reports on an HbA 2  test repeated 
over a short time (typically 1 week) from the preceding 
result, in order to confirm a result of difficult interpreta-
tion, such for the so-called borderline values. The second 

case describes a situation where another repeated test is 
performed, but over a longer period of time during which 
clinical action was undertaken (i.e., iron therapy). The 
third case describes a somewhat less likely situation, 
where the test is performed four times over 3 months 
without any apparent change either in the pre-analyti-
cal than in the analytical phase. None of the cases were 
related to any real physical patient. 

 Responses were collected from 10 clinicians from 
team A and from 83 laboratory professionals from team B. 
A summary of the responses is shown in Table  3  , where, 
together with the answers, we have tabulated the mean 
values and the absolute HbA 2  changes about whom we 
were asking opinions. The corresponding allowable total 
error, expressed from the hypothetical mean HbA 2  values 
and their absolute changes, are displayed in the fourth 
column of Table 3. 

 As can be seen, there is a quite good agreement 
between the laboratory professionals and the clinicians, 
although a rigorous comparison cannot be done, because 
the number of answers collected so far was very unbal-
anced, with team A in a much smaller quantity in respect 
to team B. 

 Finally, another approach based on clinical needs has 
been already reported by our group  [1]  and is just briefly 
outlined here. Considering a subject with a true HbA 2  
value of 3.6 % , the measurement error should not exceed, 
in relative units, of more than 7.0 %  in order to exclude 
the possibility of misclassifying him as a  β -thalassemia 
carrier (HbA 2     ≥   3.8 % ) or as a non- β -thalassemia subject 
(HbA 2    <  3.3 % ).  

  Conclusions 
 The quantitation of HbA 2  is primarily used to diagnose, or 
exclude the diagnosis of  β -thalassemia trait in pregnant 

Case 
no.

HbA 2 , 
mean, 

 % 

HbA 2  
change, 

 % 

TE,  % Team No. 
answers

Significancy 
(percent of the 
answers)

1 3.35 0.3 9.0 A 11 No (73 % )
B 83 No (64 % )

2 3.45 0.5 14.5 A 12 Yes (75 % )
B 83 Yes (81 % )

3 3.60 0.2 5.6 A 12 No (50 % )
B 83 No (86 % )

 Table 3      Analytical goals for HbA 2  measurement derived from the 
responses to the cases of Table 2.  
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an HPLC method:
Date Result
21.3.2011 3.7 % 
1.4.2011   3.4 % 
2.5.2011   3.8 % 
1.6.2011   3.5 % 
Do you consider the differences to be significant ? 
Yes/No

 Table 2      Questionnaire to derive analytical goals based on clinical 
needs and opinion of experts.  

syndromes and various hemoglobin disorders, mostly 
sickle cell anemia (team A) and by an international team 
of more than 100 laboratory professionals (team B). The 
survey was performed during two recent international 
meetings (Sebia advisory board meeting, 25 May 2012, 
Sebia, Lisses (France), and VI international symposium on 
hemoglobins  [12] ), and the results were collected by email 
(team A) and by televoting during the conference (team B). 
They were asked to answer the questions related to three 
clinical cases, as illustrated in Table  2  . 

 The first case history reports on an HbA 2  test repeated 
over a short time (typically 1 week) from the preceding 
result, in order to confirm a result of difficult interpreta-
tion, such for the so-called borderline values. The second 

case describes a situation where another repeated test is 
performed, but over a longer period of time during which 
clinical action was undertaken (i.e., iron therapy). The 
third case describes a somewhat less likely situation, 
where the test is performed four times over 3 months 
without any apparent change either in the pre-analyti-
cal than in the analytical phase. None of the cases were 
related to any real physical patient. 

 Responses were collected from 10 clinicians from 
team A and from 83 laboratory professionals from team B. 
A summary of the responses is shown in Table  3  , where, 
together with the answers, we have tabulated the mean 
values and the absolute HbA 2  changes about whom we 
were asking opinions. The corresponding allowable total 
error, expressed from the hypothetical mean HbA 2  values 
and their absolute changes, are displayed in the fourth 
column of Table 3. 

 As can be seen, there is a quite good agreement 
between the laboratory professionals and the clinicians, 
although a rigorous comparison cannot be done, because 
the number of answers collected so far was very unbal-
anced, with team A in a much smaller quantity in respect 
to team B. 

 Finally, another approach based on clinical needs has 
been already reported by our group  [1]  and is just briefly 
outlined here. Considering a subject with a true HbA 2  
value of 3.6 % , the measurement error should not exceed, 
in relative units, of more than 7.0 %  in order to exclude 
the possibility of misclassifying him as a  β -thalassemia 
carrier (HbA 2     ≥   3.8 % ) or as a non- β -thalassemia subject 
(HbA 2    <  3.3 % ).  

  Conclusions 
 The quantitation of HbA 2  is primarily used to diagnose, or 
exclude the diagnosis of  β -thalassemia trait in pregnant 

Case 
no.

HbA 2 , 
mean, 

 % 

HbA 2  
change, 

 % 

TE,  % Team No. 
answers

Significancy 
(percent of the 
answers)

1 3.35 0.3 9.0 A 11 No (73 % )
B 83 No (64 % )

2 3.45 0.5 14.5 A 12 Yes (75 % )
B 83 Yes (81 % )

3 3.60 0.2 5.6 A 12 No (50 % )
B 83 No (86 % )

 Table 3      Analytical goals for HbA 2  measurement derived from the 
responses to the cases of Table 2.  
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Optimal 0.2 1.0 1.5
Desirable 0.3 1.9 3.0
Minimal 0.5 2.9 4.5
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that she has iron deficiency. She is given iron supple-
ments for 3 months after which time still MCV, MCH and 
Hb are low and a repeat test is taken. This gives a result 
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where the test is performed four times over 3 months 
without any apparent change either in the pre-analyti-
cal than in the analytical phase. None of the cases were 
related to any real physical patient. 
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error, expressed from the hypothetical mean HbA 2  values 
and their absolute changes, are displayed in the fourth 
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although a rigorous comparison cannot be done, because 
the number of answers collected so far was very unbal-
anced, with team A in a much smaller quantity in respect 
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 Finally, another approach based on clinical needs has 
been already reported by our group  [1]  and is just briefly 
outlined here. Considering a subject with a true HbA 2  
value of 3.6 % , the measurement error should not exceed, 
in relative units, of more than 7.0 %  in order to exclude 
the possibility of misclassifying him as a  β -thalassemia 
carrier (HbA 2     ≥   3.8 % ) or as a non- β -thalassemia subject 
(HbA 2    <  3.3 % ).  

  Conclusions 
 The quantitation of HbA 2  is primarily used to diagnose, or 
exclude the diagnosis of  β -thalassemia trait in pregnant 
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   HbA2, analytical goals (4) 
 

- Summary -  

approach total error, % 
Biologic Variability 4.5  

Clinical needs 7.0 
Opinion of the 

experts 
9.0÷15 
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Conclusions 
•  The biological variability of HbA2 is very small 
•  CVI is < than CVG: limit to the use of reference 

intervals based on populations 
•  The analytical goal for CVa is very stringent 
•  The analytical goals can be different depending 

on the criterium 
•  More time is needed to accomplish a complete 

reference system for HbA2 à IQC and EQAS 
are essential in order to keep under strict control 
the HbA2 methods 
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