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papers on
biological variation
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These fundamental data
have many applications
that under-pin our
practice!

Biological Variation
Working Group Member

These arereference
datal

Do | haveconfidence
in thedata and
under stand their
limitations?

- :f ' Radin’s Thinker
s Burrell Collection Glasgow

Reference Data?

“The components of the human organism are subject to
variation caused by physiological processes, genetic
differences; diseases and environmental factors. A rational
interpretation of fakoratory 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.”

Solberg HE. Approved recommendations on the
theory of reference values. Part 1. The concept
of reference values. Clin \Chim Acta

1987;165:111-18.




IFCC Expert panel on the Theory of

Reference Values
Concept of Reference Values. 19s7;25:337-342

3. Preparation of individuals and collection of

specimens for the preduction of referenceintervals.
1988;26:593-598

4. Control of analytical vari
r efer encevalues. 1991;29:531-

5. Statistical treatment of coll
1987;25:645-656

6. Presentation of observed valu

values. 1987:25:657-662
JClin Chem din Biochem

ed referencelimits.

related to reference

Given their importance, we

should have accepted standards
for production and j

~Characterisation of BV Datal




» Experimental Design

— Standard for « Data Andlysis

Production
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» Enable Critical Appraisal
» Enable Transportability
Minimum data set

\ V
» Data Archetype?
Standal:d fOI’ » Transportability & Valid
Transmisson = Application /
) V

Standard for
Reporting

Ve

Standard for Production

“Our horbs\tnat the comparability of
such data might be provided by use of

a common studydesign and analysis of
data’

Fraser & Harris 1989
Crit Rev in Clin Lab Sci. 1989;27(5)409-437
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A few factors to consider:
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And afew more

Fundamental Questions?
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What s the uncertaint;/ surrounding these data?
What are the quality standards for BV Data?




Confidence Intervals and Power Calculationsfor
Within-Per son Biological Variation: Effect of
Analytical Imprecision, Number of Replicates,

_ Number of Samples, and Number of Individuals

Thom\és\R@[,):er H. Petersen, and Sverre Sandberg
Clinical Chemistry 58:91306-1313 (2012)

e design of an experiment to estimate biological
variation should take into\account the anal ytical

imprecision.
Standard ?
FI

¢ Estimates of biological variation should always
be reported with confidence intervals (Cls)

Factors affecting confidence intervals
— around CV, and RCV

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

e The effects of variables vary with the ratio of
CV,to CV,
o Low ratio = narrower ClNaround estimate CV,

e Low ratio = higher power Sudy

e Number of samples more impprtant than number

of subjects




60

| 11.1-58.1% Within subject CVI

<, Systematic
5. Review of Data
| — 30-323% - 3.9-14.5% on Biological
oo variation of ALT,
) — AST and
ALT AST GGT
110 : L GGT.
- 100 i Between Subject. CVG |
g % 4.4—72.iw : | N~
i ! 39-145%
2 :fl! . 1 |
% PEENS 4.3-38.2% +=-1  Historical Application.
A ] ,.es =]\ Carobeneetal Clin Chem
® ol ettt e\ Lab Med 2013,51:1997—
i ALT AST GGET - 2007
Urinary Albumin Excretion.
Miller et al Clin Chem 2009;55:24-38
—

CMt 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




Glycated Haemoglobin

—_

Braga etal-Clinica Chimica Acta 2010;411:1606- 1610.
+ Highlights the.need for this approach
“Nine recruited studies were limited by choice of analytic
methodol ogy, population selection, protocol application
and statistical analysis”
Issues: -
+ Heterogeneity in experimentak model
+ Length of study inappropriate (3 daysto 6 months)
+ Methods with differing specificities
+ Statistical methods not specified

Summary

. Ma e complex reference data

« Need for standaxds
- Safe application requires prior critical appraisal
« Published data are of varying quality

« Need to identify aminimum_set of attributesto
enable the data to be effectively transmitted and
applied (archetype).

- Confidence intervalscritically
of CV, to CV, .

endant upon ratio




Standard for Reporting

Standard » Dothedatatravel

50 yearsof through time
for Lata « Method

Reporu ng developments
* Enough reported
~ / detail.
Quality  * Good Design?
- * Inconsistency
Terminology

“k * Population
Transportable demogr aphics.

e Healthy?
\ ¢ Diseased?

*\Excellent

Translated
into .
databases
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BlologlcaJ variation daIabase structu eand criteria used for
generation and update Perich et al CGLM 2014

Utility of ReferenceValues

population or individual in terms of: -
+ Inclusion and exclusion chiteria

+ Intakeof food & drugs
«  Physiological and environmental conditions
+  Stateof well being

«  Specimen collection criteria
+ Performancecharacteristicsof theanalytical method

+  Thestatistical methodsused for estimation of thelimits
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Critical Appraisal Checklist

STARD Statement STAndards for
the Reporting of Diagnostic
— accuracy studies

e The objective of the e
STARD initiatives to — e
improvetheaccuracy and | -—————————

completeness of reporti
of studies of diagnostic
accuracy, to allow readers =
to assess the potential for

biasin the study (internal
validity) andto evaluateits
gener alisability (external
validity).
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Critical Appraisal Checklist
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www.biologicalvariation.com
www.biologicalvariation.com/Tools.html




Standards for Transmission

\

Utility of ReferenceValues

1. Theseareonly meaningful and
transfer able/transportableif defin

population or individual in terms of: -
+ Inclusion and exclusion criteria

+ Intakeof food & drugs

+ Physiological and environmental conditions

+  Stateof well being

«  Specimen collection criteria

+ Performancecharacteristicsof theanalytical method

+  Thestatistical methodsused for estimation of thelimits

or the




Minimum Data Set: BiVaC MDS

Domain Area for Attributas
Application
(A) 1 Checklist & | Target - analyte and measurand, sample matrix, method

databaze characteristics,

(B) 2 Checklist & | Population characteristics- demographics, state of well being,
database | physical/physiological characteristics, medication,

{c) 3 Checklist & | Study Characteristics- study duration and design, power of
database study to detect BV indices, model assumptions, stathstical
approach.
D)4 || Checklist & || Dats Charac

[E) 5 For database | Publication Detalls- links to the original publication,
(F) & For database | Data rating- naw concept to be developed to indicate the
quality of the BV dats against a set of key criteria.

|

Minimum Data Set: BiVaC MDS

— Drill down into detail (needs to be reported)
— Detail needs to be available and understood

— Use of standardised terminology and coding.
e Terminology Simundic &t al Clinical Chemistry

November 2014 "
« C-NPU, LOINC, SNOMED:CT andard “

e Definition of a Data Archetype required.




Coding systems

—

Arem stems granular enough? :
Serum creatininetq Diabetes Stage 3 CKD:

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

e LOINC: 14682-9 Serum / Plasiya Creat SerPl-sCnc umol/L

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

Databases & BiVarC Minimum
. Data Set

. e

| ;.]-'I:nrq-e't' i
o2 | Fopulation Characteristics |
=# Study Characteristics ©
Database Unigue Mentifier BiVarC Minimum Data Set < Data characteristics 2

xf} Publication b

(3 study BicVar Rating D

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

\

|
@k Target |

BiVarc Manimum Data Set

| Anabyle Hamae
C-NPU LOMC
Weanurement Procedure - HMethed reference
Other | Wathod modiflcations
| EDTA
- 1 Ciirate
Plasma [
Lithizrm Heparin
| Heparin
Sodium Hirparn
v Plaim ubes
| Sa
anr ‘\ Gel separating tubes
1 Unpe 1 preserdatveisiobilisers
U fiald ! Preservative istabdiser
Viholo Blood | anil-coagulant used
Oiher

Units of maasurement

3 Population Characionstics ©

BiVaC MDS - Domain 2
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BiVaC MDS - Domain 3
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& Populanon Characteristics &

54 Study Characteristics ©

) Data Charactarialicn -

BVarC Minamem Datn Set

£} Pubbcation

(3 Study RicVar Rating

Ve weithin.subjoct blological vanation | cotlidence mi2vals
1 TV bt i ubiect Blological variaton

CWVa: nnalytical vanaton

Relerapce
Link to PR

() Grade A
() Grode i | 4 1 0 DE devel oped
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Coafidence intervals |
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MDS meets Checklist

The Process

——

\

Standards for Production

Addressesuncertainty Appropriately powered studies

U Checklist

Standards for Reporting

Delivers required granular detail Ensuresminimum dataset present

NS\

Standards for Transmission

MDS: Data

Enables safe contextual use of Enables accessibility to data Archetype

data

Safe accurate and effective application of BV data aC\YOSS health care economies
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Archetype: definition?

S "

A computabh ion of a domain content model.
Structured content_to enable communication of key information

{ @ Target b

| 4 Population Characteristics |

_Database Unique identfier |-— BIVarC Minimum Data

set

-| (&) Study BioVar Rating &
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*Derived asfar as possible from historical studies
*Mandated for future studies

Summary

m srequired for production, reporting

and transmission of BV Data.

e A critical appraisal checklist has been
developedto:
— enable assessment of historical data
— drive up quality of futureYpublication

e MDS/Archetypewill enabletransmission
and safe contextual use of BV data across
health care systems.




www.biological variation.com

Next Steps?

e Promotion of the checklist

e Definition of MDS/Archetype for
application to future database
developments.

e Development of supporting information
sources/publicationsto enable
understanding and compliance with the
approach

e Standards?




Biological Variation Working
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