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These  These  fundamental datafundamental data
have many applications have many applications 

that underthat under--pin our pin our 
practice!practice!

These are These are reference  reference  
datadata! ! 

Do I have Do I have confidenceconfidence
in the data and in the data and 

understand their understand their 
limitations?limitations?

Solberg HE. Approved recommendations on the Solberg HE. Approved recommendations on the 
theory of reference values. Part 1. The concept theory of reference values. Part 1. The concept 

of reference values. of reference values. ClinClin ChimChim ActaActa
1987;165:1111987;165:111--18. 18. 

“The components of the human organism are subject to 
variation caused by physiological processes, genetic 
differences, diseases and environmental factors. A rational 
interpretation of laboratory results demands knowledge of the 
variation of these components in the individual under study or 
in one or more adequately defined sets or reference 
individuals. An important task for clinical chemists and 
haematologists is therefore to provide relevant sets of reliable 
reference values.”

Reference Data?
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IFCC Expert panel on the Theory of 
Reference Values

1.1. The Concept of Reference Values. The Concept of Reference Values. 1987;25:3371987;25:337--342342

2.2. The selection of Individuals for the Production of The selection of Individuals for the Production of 
reference values. reference values. 1987;25:6391987;25:639--644644

3.3. Preparation of individuals and collection of Preparation of individuals and collection of 
specimens for the production of reference intervals. specimens for the production of reference intervals. 
1988;26:5931988;26:593--598598

4.4. Control of analytical variability in the production of Control of analytical variability in the production of 
reference values. reference values. 1991;29:5311991;29:531--535535

5.5. Statistical treatment of Statistical treatment of collected collected reference limits. reference limits. 
1987;25:6451987;25:645--656656

6.6. Presentation of observed values related to reference Presentation of observed values related to reference 
values. values. 1987;25:6571987;25:657--662662

J J ClinClin ChemChem ClinClin BiochemBiochem

Given their importance, we Given their importance, we 
should have accepted standards should have accepted standards 

for for production production and and 
characterisation of BV Data!characterisation of BV Data!
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• Experimental Design
• Data AnalysisStandard for 

Production 

• Enable Critical Appraisal
• Enable Transportability
• Minimum data set

Standard for 
Reporting

• Data Archetype?
• Transportability & Valid 

Application

Standard for 
Transmission 

“OurOur hopehope isis thatthat thethe comparabilitycomparability ofof
suchsuch datadata mightmight bebe providedprovided byby useuse ofof
aa commoncommon studystudy designdesign andand analysisanalysis ofof
datadata”

Fraser & Harris 1989
Crit Rev in Clin Lab Sci. 1989;27(5)409-437 

Standard for Production 
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A few factors to considerA few factors to consider!
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And a few moreAnd a few more!

What is the  uncertainty surrounding these data?What is the  uncertainty surrounding these data?
What are the quality standards for BV Data?What are the quality standards for BV Data?

Assay 
Characteristics

Data Analysis

Experimental 
Design

Fundamental Questions?Fundamental Questions?
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ll design of an experiment to estimate biological design of an experiment to estimate biological 
variation should take into account the analytical variation should take into account the analytical 
imprecision.imprecision.

®® Estimates of biological variation should always Estimates of biological variation should always 
be reported with confidence intervals (be reported with confidence intervals (CIsCIs))

Thomas Røraas, Per H. Petersen, and Sverre Sandberg

Clinical Chemistry 58:91306–1313 (2012)

Standard ?Standard ?

Confidence Intervals and Power Calculations for Confidence Intervals and Power Calculations for 
WithinWithin--Person Biological Variation: Effect of Person Biological Variation: Effect of 
Analytical Imprecision, Number of Replicates, Analytical Imprecision, Number of Replicates, 
Number of Samples, and Number of IndividualsNumber of Samples, and Number of Individuals

l Study design: number of subjects, number of 
samples, number of replicates .

l The effects of variables  vary with the  ratio of 
CVA to CVI

l Low ratio = narrower CI around estimate CVI
l Low ratio = higher power study

l Number of samples more important than number 
of subjects

Factors affecting confidence intervals 
around CVI and RCV
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11.1-58.1%

3.0 – 32.3% 3.9 – 14.5%

4.4 – 72.1%

4.3-38.2%

3.9 – 14.5%

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

Within subject   CVWithin subject   CVII

Between Subject   CVBetween Subject   CVGG

Systematic Systematic 
Review of Data Review of Data 

on Biological on Biological 
variation of ALT, variation of ALT, 

AST andAST and
GGT.GGT.

CVI  4% to 103%  with central tertile  28% to 48%
40 studies with confounding factors: -
® Time period over which samples were collected
® Study design
® Type of sample and concentration range studied
® Population studied and state of health
® Preanalytical factors
® Poorly described statistical methods

Urinary Albumin Excretion.
Miller et al Clin Chem 2009;55:24-38
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Glycated haemoglobin
Braga et al Clinica Chimica Acta 2010;411:1606-1610.
® Highlights the need for this approach

“Nine recruited studies were limited   by choice of analytic 
methodology, population selection, protocol application 
and statistical analysis”

Issues: -
­ Heterogeneity in experimental model
­ Length of study inappropriate (3 days to 6 months)
­ Methods with differing specificities 
­ Statistical methods not specified

GlycatedGlycated HaemoglobinHaemoglobin

SUMMARYSUMMARY

•• BV   data are complex reference dataBV   data are complex reference data
•• Need for standardsNeed for standards
•• Safe application requires prior critical appraisalSafe application requires prior critical appraisal
•• Published data are of varying qualityPublished data are of varying quality
•• Need to identify a minimum set of attributes to Need to identify a minimum set of attributes to 

enable the data to be effectively transmitted and enable the data to be effectively transmitted and 
applied (archetype).applied (archetype).

•• Confidence intervals critically dependant upon ratio Confidence intervals critically dependant upon ratio 
of of CVCVAA to CVto CVII ..

SummarySummary
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Standard for Reporting

50  years of 50  years of 
datadata

•• Do the data travel Do the data travel 
through timethrough time

•• Method  Method  
developmentsdevelopments

QualityQuality

•• Enough reported Enough reported 
detail.detail.

•• Good Design?Good Design?
• Inconsistency  

Terminology

TransportableTransportable

•• Population Population 
demographics.demographics.

•• Healthy?Healthy?
•• DiseasedDiseased?

Translated Translated 
into into 

databasesdatabases

•• Excellent Excellent 
ResourcesResources

•• Granular enough?Granular enough?
•• Data archetype Data archetype 

required?required?

Standard 
for 

Reporting
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Biological variation database: structure and criteria used for 
generation and update Perich et al CCLM 2014

Ricos et al  
Database

1.1. These are  only These are  only meaningful and meaningful and 
transferable/transportable transferable/transportable if defined for the if defined for the 
population or individual in terms of: population or individual in terms of: --
­­ Inclusion and exclusion criteriaInclusion and exclusion criteria
­­ Intake of food & drugsIntake of food & drugs
­­ Physiological and environmental Physiological and environmental conditionsconditions
­­ State of well beingState of well being
­­ Specimen collection criteriaSpecimen collection criteria
­­ Performance characteristics of the analytical methodPerformance characteristics of the analytical method
­­ The statistical methods used for estimation of the limitsThe statistical methods used for estimation of the limits

Utility of  Reference Values
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Critical Appraisal Checklist

l The objective of the 
STARD initiative is to 
improve the accuracy and 
completeness of reporting 
of studies of diagnostic 
accuracy, to allow readers 
to assess the potential for 
bias in the study (internal 
validity) and to evaluate its 
generalisability (external 
validity). 

STARD Statement STAndards for 
the Reporting of Diagnostic 

accuracy studies
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The STARD statement consist of a 
checklist of 25 items.

www.biologicalvariation.com
www.biologicalvariation.com/Tools.html

BiVarCBiVarC

Critical Appraisal Checklist
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Standards for Transmission

1.1. These are only These are only meaningful and meaningful and 
transferable/transportable transferable/transportable if defined for the if defined for the 
population or individual in terms of: population or individual in terms of: --
­­ Inclusion and exclusion criteriaInclusion and exclusion criteria
­­ Intake of food & drugsIntake of food & drugs
­­ Physiological and environmental Physiological and environmental conditionsconditions
­­ State of well beingState of well being
­­ Specimen collection criteriaSpecimen collection criteria
­­ Performance characteristics of the analytical methodPerformance characteristics of the analytical method
­­ The statistical methods used for estimation of the limitsThe statistical methods used for estimation of the limits

Utility of  Reference Values
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Minimum Data Set: Minimum Data Set: BiVarCBiVarC MDSMDS

l Granularity
– Drill down into detail (needs to be reported)
– Detail needs to be available and understood
– Use of standardised terminology and coding.

l Terminology Simundic et al  Clinical Chemistry 
November 2014    

l C-NPU, LOINC, SNOMED-CT

l Definition of a Data Archetype required.

Minimum Data Set: Minimum Data Set: BiVarCBiVarC MDSMDS

Standard ?Standard ?
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Are coding systems granular enough? :
Serum creatinine in Diabetes Stage 3 CKD:

l C-NPU: NPU04998 P Creatininium; subst.c.(enz.) = ? µmol/L

l LOINC: 14682-9   Serum / Plasma Creat SerPl-sCnc umol/L 

l SNOMED CT:  Concept ID: 731000119105
Chronic kidney disease stage 3 associated with type 2 diabetes 
mellitus (disorder)

Coding systemsCoding systems

Databases & BiVarC Minimum 
Data Set

Use of recognised  coding systems as metadata?
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BiVarcBiVarc MDS MDS -- Domain 1Domain 1

BiVarC MDS -Domain 2BiVarCBiVarC MDS MDS -- Domain 2Domain 2
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BiVarC MDS -Domain 3BiVarCBiVarC MDS MDS -- Domain 3Domain 3

BiVarC MDS Domains: 4,5 & 6BiVarCBiVarC MDS MDS -- Domain 4,5 & 6Domain 4,5 & 6

To be developedTo be developed
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MDS meets ChecklistMDS meets Checklist

Standards for TransmissionStandards for Transmission
Enables safe  contextual use of 

data Enables accessibility to data

Standards for ReportingStandards for Reporting

Delivers required granular detail Ensures minimum data set present

Standards for ProductionStandards for Production

Addresses uncertainty Appropriately powered studies

ChecklistChecklist

MDS: DataMDS: Data
ArchetypeArchetype

The ProcessThe Process

Safe accurate and effective application of  BV data across health care economies
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Archetype: definition?

A computable expression of a domain content model.A computable expression of a domain content model.
Structured content to enable communication of  key informationStructured content to enable communication of  key information
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Simple?Simple?

••Derived  as far as possible from historical  studiesDerived  as far as possible from historical  studies
••Mandated for future studiesMandated for future studies

l Standards required for production, reporting 
and transmission of BV Data.

l A critical appraisal checklist has been 
developed to: 
– enable assessment of historical data
– drive up quality of future publication

l MDS/Archetype will enable transmission 
and safe contextual use of BV data across 
health care systems.

SummarySummary
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Route Forward?

www.biological variation.com

l Promotion of the checklist
l Definition of MDS/Archetype for 

application to future database 
developments.

l Development of supporting information 
sources/publications to enable 
understanding and compliance with the 
approach

l Standards?

Next StepsNext Steps??
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l Federica Braga
l Anna Carobene
l Abdurrhaman Coskun
l Irini Leimoni
l Richard Prusa
l Pilar Fernandez-Calle
l Thomas Røraas
l Sverre Sandberg

Biological Variation Working Biological Variation Working 
Group & CollaboratorsGroup & Collaborators

Biological Variation Working Group

I’m a 
cow !

So am 
I !

Biological Biological 
Variation ? Variation ? 

CVCVG G ??


