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The biological variation model and the EFLM database for Biological variation



What I will talk about

ØThe biological variation database – how reliable data 
can be established

ØWhat is Analytical performance specification based 
on BV? Are they based on «biological variation»? 

ØA new concept for calculating minimum, desireable 
and optimum APS
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What is analytical 
performance specifications?

8th CIRME International Scientific Meeting

European Commission
Joint Research Centre

Institute for Reference 
Materials and Measurements

1st EFLM Strategic Conference 

REGISTRATION FEE
EUR 305,00 (VAT 22% included)

The registration fee includes:
!Coffee break & lunch buffet as indicated in the programme
!Certificate of participation
Cancellations:
- registrations cancelled within August 30, 2014 will result in a

20% penalty
- cancellations between August 30 and September 30, 2014 will

be subject to a 50% penalty
- afterwards, registrations will result in a 100% penalty
To make your registration, please access the following link: 
http://reg.mzcongressi.com/cmsweb/elenco.asp?oIDEvento=681&Lang=EN

OFFICIAL LANGUAGE
The official language of the conference is English.

ORGANIZING SECRETARIAT
MZ Congressi srl
Via Carlo Farini, 81 - 20159 Milano - ITALY
Tel: +39 0266802323 ext 917
Ms Patrizia Sirtori
e-mail: patrizia.sirtori@mzcongressi.com

VENUE
Atahotel Executive
Viale Luigi Sturzo, 45 - 20154 Milano, Italy
Located in a strategic and privileged position, close to the Porta
Garibaldi Railway Station and in the heart of Milan's nightlife
(Corso Como and Brera area). Well connected to public
transports, the underground stations (M2 Green line and M5 Lilac
line) are only few steps from the hotel.
For more information, please visit:
http://www.atahotels.it/en/executive

ACCOMMODATION
The following hotels are all located walking distance from the
congress venue. To book your room please refer to the below
indicated hotel reservation system.
! c/o Atahotel Executive (conference venue)

http://www.atahotels.it/en/executive

! c/o UNA Toqc Hotel (200 meters from the congress venue)
http://www.unahotels.it/it/una_hotel_tocq/hotel_milano_corso_como.htm

! c/o Hotel AC Milano (500 meters from the congress venue)
http://www.marriott.com/hotels/travel/milmi-ac-hotel-milano/

! c/o Holiday Inn (700 meters from the congress venue)
http://www.himilangaribaldi.com/en/ 

G E N E R A L  I N F O R M A T I O N

EFLM thanks the following companies for the kind and unconditional support

with the
auspices of
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Models to set Analytical Performance 
Specifications – what quality should we have?

Model 1. Based on the effect of analytical performance on clinical 
outcomes 
 1a. Direct outcome studies 
 1b. Indirect outcome studies
 
Model 2. Based on components of biological variation of the measurand 
 (- to minimise analytical noise to biological variation) 

Model 3. Based on state of the art 
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Within-subject variation – is the data reliable?
Data from the Rico/Westgard database

Carobene A et al  Clin Chem Lab Med. 2013;51:1997–2007. 



Model 2. Based on components of biological 
variation of the measurand

This attempts to minimize the ratio of ‘analytical noise’ to the biological 
signal. The advantage is that it can be applied to most measurands for 
which population-based or subject-specific biological variation data can 
be established. 
There are limitations to this approach, including the need to carefully
assess the relevance and validity of the biological variation data, e.g., 
the presence of ‘steady state’, the appropriate time intervals, effect of 
inter-current illness and effect of measurand concentrations.
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Critical appraisal check list

üPapers are categorized as A, B, C and D depending on their 
methodological quality

üThe checklist contains 14 items, and 
ü22 items are extracted from each paper and presented in 

the EFLM BV database. 
üA huge efforts has been performed to categorize the existing 

literature on BV
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Meta-analysis, weighting the average of the 
CVI of eligible studies

ØWeight according to quality category, A, B, C
ØWeight according to number of 
samples/subjects (confidence intervals)
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The Biological Variation Database was launched 
during Euromedlab in Barcelona in 2019 and has 
been much improved since then
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Newer approaches to estimate biological 
variation
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Models to set Analytical Performance Specifications

Model 1. Based on the effect of analytical performance on clinical outcomes 

 1a. Direct outcome studies 

 1b. Indirect outcome studies

 
Model 2. Based on components of biological variation of the
measurand 
 (- to minimise analytical noise to biological variation) 

Model 3. Based on state of the art 
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Imprecision

Imprecision: CVA <0.5 x CVI

The factor 0.5 refers to desirable APS and indicates that 
imprecision accounts for 12% of the total variation
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Bias

Is the “BIAS formula” based on biological variation???
(minimising analytical noise to biological variability)
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Bias: < 0.25 × (CVI
2 + CVG

2)1/2



From the paper:

«We propose that the bias should not exceed              
0.25 × (CVI

2 + CVG
2)1/2 when analytical imprecision is 

almost nothing, 

or that the percentage of the population outside each 
reference limit should not exceed 4.4% for a 
combination of analytical imprecision and bias» 
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Bias
The basis for this recommendation was that, when the 120 population sample size 

recommended by the International Federation of Clinical Chemistry was selected, then this 

was the maximum bias allowable to achieve the maximum acceptable percentage of the 

population outside each limit for the 0·90 confidence interval of each of the reference 

limits, namely 4·4%. 

The “bias” APS is a combination of BV and type 1b outcome study (simulation)

It assumes that imprecision = 0
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For example, for 
glucose, if the 
imprecision is 2.5% 
(desireable)
the “bias formula” 
will be:
Bias: < 0.18 × (CVI

2 + 
CVG

2)1/2
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So we should be careful when using the «bias formula» 

1. Orginally it was used for sharing reference intervals
2. It assumed that ref intervals were based on 120 persons
3. It assumed gaussian distribution
4. It assumed that imprecision = 0 
5. It then has the same limitation as the total error formula 

since the labs never have imprecision= 0
6. (- and it is not based on biological variation)
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Total allowable error (TAE) 

ØThe formula that considers both bias and imprecision was developed for EQA 
organizers and has been widely applied since it is easy to use.

ØTAE< 1.65 × (0.5 x CVI) + 0.25 x (CVI
2 + CVG

2)1/2

ØHowever, this model for deriving total allowable error from biological 
variation data is flawed. It sums up two mutually exclusive terms, i.e., 
maximum allowable bias and maximum allowable imprecision, resulting in an 
overestimating allowable total error. For these reasons, this approach should 
be applied with caution.

Ø- and it is based on a combination of a biological variation and type 1b study
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Conclusions

ØInformation about the point estimates of the within- and 
between biological variation is greatly improved in the new 
EFLM BV-database.

ØThe essential concept of model 2 is that analytical noise 
should be low compared to biological variation

ØThe «bias formula» is actually (mainly) based on a Type 1b 
model 
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Thank you!! 28
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