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Bias ςa major 
contribution to 
measurement 
uncertainty
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Components contributing to uncertainty -

decrease during the last five decades
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Repeatability

Expanded uncertainty

Bias

Between-day variation



Error components- singlemeasurementresult
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Random

error



Bias and Imprecision
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Effect of repeated measurements
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Bias

Mean of repeated 

measurements
Reference 

quantity value
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Effectsof numberof replicate
measurements

7

Reference 

quantity 

value Error

Result of 

measure-

ment

Bias
Random

error

Error

Bias

Ran-

dom

error

A 
N=1

B
N=4

Error

Bias

C
N=infinite

The random error component of the 
uncertainty in determining the mean is 

inversely related to the square root of the 
number of observations ςthe standard error of 

the mean (SEM)



Effectsof time
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Random

error

Error

Bias

Ran-

dom

error
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One day/One run

B
One week/Reagent lot/

Calibration

Error

Bias

C
One year

Ran-

dom

error



Repeatability - reproducibility
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Repeatability - reproducibility
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Condition of measurement, out of a set of conditions
that includes the same measurement
procedure, same operators, same measuring
system, same operating conditions and same
location, and replicate measurements on the same
or similar objects over a short period of time

Condition of measurement, out of a set of conditions
that includes different locations, operators,
measuring systems, and replicate measurements
on the same or similar objects

Repeatability Reproducibility
Intermediate
reproducibility
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Systematic error Trueness Bias

(Total) error

Random error Precision

Accuracy Measurement uncertainty

Standard deviation 
(repeatability, reproducibility)

Type of errors Performance

characteristics
Quantitative expression of 

performance characteristics



Handling bias

ÅEliminate the bias

ïOn the national and international level

ïOn the local laboratory level 

Å Include the effects of bias in uncertainty calculations
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Eliminating bias on the national and international 
level

1. Standardisation

2. Harmonization



The measurand

ÅThe measurand ïñthe quantity intended to be measuredò is the quantity 
reflecting the concentration of the chemical constituent you intend to 
measure in the medically relevant ñsystemò in the patient, e.g. in plasma 
as a reflection the effects of disease or treatment. 

Å Is our intention to measure the concentration of e. g. glucose in the 
plasma of the patient or in the patient plasma present in the tube 
presented to the measurement system?



The quantity

ÅQuantity is a generic concept describing the phenomenon (physical 
signal) being measured. The quantity is not the measurand but its value 
reflects the concentrations of the measurand. 

ÅA quantity measured in chemistry depends on the chemical structures 
and chemical reactions that determine its value, but it is ultimately 
measured by physical methods. These physical methods which interact 
with atoms and molecules measure quantity values which visualise and 
quantify molecular structures or reactions that otherwise would remain 
invisible. 



Measuring means comparing



Comparing in chemistry

ÅBased on physical properties

ÅProne to ñinfluence quantitiesò
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Selectivity VIM 3 - 4.13

Unselective
color reaction

O

NH2

N NCH3

Selective
enzymatic
reaction

έtǊƻǇŜǊǘȅ ƻŦ ŀ ƳŜŀǎǳǊƛƴƎ ǎȅǎǘŜƳ ǳǎŜŘ ǿƛǘƘ ŀ ƳŜŀǎǳǊŜƳŜƴǘ ǇǊƻŎŜŘǳǊŜΣ ǿƘŜǊŜōȅ ƛǘ 
provides measured quantity value for one or more such that the values of each measurand 
are independent of other measurands or other quantities in the phenomenon, body, or 
ǎǳōǎǘŀƴŎŜ ōŜƛƴƎ ƛƴǾŜǎǘƛƎŀǘŜŘΦέ



Comparison of the 
concentration of 

creatinine in 180 plasma 
samples measured using 

Jaffe and enzymatic 
methods

Intercept : 18.5 [ 16.0 to 20.9 ]
Slope : 0.947 [ 0.913 to 0.980 ]

Weighted Deming regression N = 180
40 80 120 160 200 240 280

Enzym
40

80

120

160

200

240

280
Jaffe

Jaffe = 0.947 * Enzymatic + 
18.5

Enzymatic = Jaffe/0.947 ς18.5



Influence quantities 1(2)

Å¢ƘŜ ǇǊŜǎŜƴŎŜ ƻŦ άƳŀǘǊƛȄ ŦŀŎǘƻǊǎέ

ÅInability to produce the substance in a pure form that can 
be weighed

ÅMolecular heterogeneity, e.g. transferrin, LH, FSH, TSH

ÅDetection of different epitopes



Influence quantities 2(2)

ÅLack of knowledge of which epitopes of 
molecules are medically most relevant, e.g. 
most substantial biological activity or best 
diagnostic properties 

ÅChanges in posttranslational modification of 
molecules e.g. LH and FSH during the ovarial
cycle



Matrix effects

ÅThe combined effect of all components of the sample other than the 
analyte on the measurement of the measurand. 

Å If a specific component can be identified as causing a matrix effect then 
this is referred to as interference .
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Commutability

ÅTo what extent reference materials, calibrators and control materials 
show matrix properties similar to those of fresh natural samples. 

ÅFresh natural patient samples represent the ultimately commutable 
materials for comparing measurement methods in clinical/biological 
chemistry.
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Commutability



Commutability of the materials

Patient
result

Material Primary 

reference

Secondary 

reference

Working 

calibrator

Product 

calibrator

Patient sample

Commutable? Commutable? Commutable? Commutable? Commutable!

Measurement 

procedure

Primary 

reference 

measurement

Secondary 

reference 

measurement

Routine 

measurement in a 

clinical laboratory

Provider BIPM, National 

metrology 

institutes, 

accredited 

reference 

laboratories

National 

metrology 

institutes, 

accredited 

reference 

laboratories

End user

Manufacturers measurement

Manufacturers laboratory

Uncertainty for commutable material

Uncertainty for noncommutable material
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Reference materials

Reference 
material

Usage

Primary Reference 
Standard 

Certified Standard with thehighest metrological order. A calibrator with 
certified purity traceable to the SI unit with associated uncertainty.

Primary Reference Material Material used for verification of a primary reference method, traceable to the 
primaryreference standard. This material may also be used for verification of 
a routine method if shown to be commutable.

Secondary Reference 
Material

Material used for verification of asecondary reference method, traceable to 
the primaryreference standard. This material may also be used for verification 
of a routine method if shown to be commutable.



Sources of Certified Reference Material and Methods

ÅJCTLM database 
(http://www.bipm.org/jctlm/ ) 

ïReference Materials

ïReference Measurement Methods 

ïReference Measurement Services

http://www.bipm.org/jctlm/


Success stories in standardization in laboratory medicine

ÅMolecules with simple molecular structures, LC/GC MS, ion -selective 
electrodes

ÅStandardization of methods for measuring enzymatic activity

ÅEnzymatic methods for measuring substances earlier measured by non-
specific colorimetric procedures (e.g. creatinine)

ÅCholesterol

ÅGlycated hemoglobin

ÅCarbohydrate-deficient transferrin



Harmonization

ÅEquivalence of measurement results among different routine 
measurement procedures over time and space according to deýned 
analytical and clinical performance goals

ÅAny process that enables the establishment of equivalence of reported 
values produced by different measurement procedures for the same 
measurand



Standardizationand harmonization
ÅHarmonization encompasses standardization and also addresses those 
tests that canôt be calibrated by traceability to a reference measurement 
procedure

ÅStandardization is preferable to harmonization, but it is not always an 
option even when an internationally accepted calibrator is available. It is 
preferable due to its traceability to primary reference materials and 
primary reference measurement procedures



Harmonization has a broader scope than standardization

ÅQuality systems, e.g. ISO standards

ÅConcepts, terms, unit of measurement and coding systems

ÅPreanalytical procedures 

ïPatient preparation

ïSpecimen collection and handling

ÅHarmonizing measurement results

Å Interpretation of results in medical contexts

ÅReference intervals



Comparability and interchangeability of medical laboratory 
results

ÅMedical laboratory results should be comparable in time and space 
across the globe enabling unequivocal diagnosis and monitoring of 
treatment results

ÅMultitude of guidelines, standards (ISO), directives (EU IVD directive) 
and authorities (FDA) govern measurement systems and practices in 
medical laboratories. These are unfortunately only partially harmonized 
or unequivocal

ïThe EU IVD directive e.g. does not clarify which reference 
measurement system should be used to fulfil its requirements  

ïOrganizations at the pinnacle of metrology, lack legal authority



Harmonizationstrategies1(2) (Greenberg)
Attribute Method 1 Method 2

Scheme Hierarchical standardization per 
ISO17511:2003. Top down approach 
ǇŀǎǎƛƴƎ ΨǘǊǳŜƴŜǎǎΩ ǘƻ ƭƻǿŜǊ ƻǊŘŜǊ 
measurement procedures and 
calibrators.

Inter-method comparison as described by  
International Consortium for Harmonization of 
Clinical Laboratory Results (ICHCLR) 
(www.harmonization.net). Bottom upapproach 
among routine (commercial) measurement 
procedures, with no SI traceability.

Reference
measurement
procedures

One or more higher order reference 
measurement procedures available, 
ǇǊŜŦŜǊŀōƭȅ ŦǳƭŬƭƭƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ L{h 
15193:2009 

Noneavailable.

Reference
materials

/ŜǊǘƛŬŜŘ ǇǳǊƛŬŜŘ ǊŜŦŜǊŜƴŎŜ ƳŀǘŜǊƛŀƭǎ 
and/or commutable secondary 
reference materials. 

No higher order reference materials available. 
Panel(s) of commutable human samples assigned 
consensus values through harmonization studies. 
Some International Conventional Calibrators may be 
available (e.g. WHO materials), but usually not 
commutable.

http://www.harmonization.net/


Harmonizationstrategies2(2) (Greenberg)

Attribute Method 1 Method 2

Calibration
traceability

Commercial calibrators and 
reported results for 
routine measurement 
procedures traceable to SI 
unit via a metrological 
reference system.

Commercial calibrators and reported results of routine 
measurement procedures not traceable to SI. Traceability linked 
via inter-method comparison studies of available commercial 
measurement procedures coupled with mathematical 
recalibrationfor removal of systematic differences among 
reported values.

Sustainability Inbuilt sustainability
through hierarchy of well-
characterized and 
reproducible higher order 
and lower order reference 
measurement procedures 
and reference materials 

Risk for non-sustainability of harmonized calibrations over time 
as routine methods and commercial calibrator lots change. 
tŀƴŜƭǎ ƻŦ ǇŀǘƛŜƴǘ ǎŀƳǇƭŜǎ ǳǎŜŘ ŀǎ άŎŀƭƛōǊŀǘƻǊǎέ ƛƴ ƘŀǊƳƻƴƛȊŀǘƛƻƴ 
studies to be renewed over time (consumption and/or stability 
concerns.) Second and subsequent patient sample panels with 
values traceable to initial sample panel; presumes well-ŘŜŬƴŜŘ 
ǎǇŜŎƛŬŎŀǘƛƻƴǎ ŦƻǊ ǇŀƴŜƭ ƳŜƳōŜǊ ǎŜƭŜŎǘƛƻƴΦ 



Eliminating bias on the local/laboratory level

1. Make sure that there is a shared responsibility for the quality of each 
measurand in the entire laboratory

2. Use the same stabilised control material throughout the entire 
laboratory

3. Use split-sample techniques

4. Establish a computer system where all control results are open for 
everybody within the laboratory to see

5. Minimize the number of different measuring procedures and 
measurement systems

6. Use bias and variance component analysis to identify the measurement 
systems in need of overhaul



County of Östergötland, Sweden

470 000 inhabitants
4 hospitals
36 primary health care 
centers



Measurement result

Sites

Measurement procedures

Measuring systems

Time (days ï calibrations)
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Split ςsample techniques

1. Using the same logistic normally used for sending samples to the 
central laboratory

2. Computerize the logistics and evaluation of the data
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Split sample/Mentor methods
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