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Abstract: Analytical performance specifications (APS) are
typically established through one of threemodels: (i) outcome
studies, (ii) biological variation (BV), or (iii) state-of-the-art.
Presently, The APS can, for most measurands that have a
stable concentration, be based on BV. BV based APS, defined

for imprecision, bias, total allowable error and allowable
measurement uncertainty, are applied to many different
processes in the laboratory. When calculating APS, it is
important to consider the different APS formulae, for what
setting they are to be applied and if they are suitable for the
intended purpose. In this opinion paper, we elucidate the
background, limitations, strengths, and potential intended
applications of the different BV based APS formulas. When
using BV data to set APS, it is important to consider that all
formulae are contingent on accurate and relevant BV esti-
mates. During the last decade, efficient procedures have
been established to obtain reliable BV estimates that are
presented in the EFLM biological variation database. The
database publishes detailed BV data for numerous meas-
urands, global BV estimates derived from meta-analysis of
quality-assured studies of similar study design and auto-
matic calculation of BV based APS.
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Introduction

Biological variation (BV) refers to the variation that is
observed in the concentration or activity of a measurand
within an individual or between individuals. It is an
important concept in laboratorymedicine formany reasons,
one of them is that analytical performance specifications
(APS) can, for most measurands that have a stable concen-
tration, be based on BV. BV data are also used in the inter-
pretation of laboratory test results, such as for defining
reference change values, personalized reference intervals,
the index of individuality and other applications. There are
various concepts enumerating BV data; these include (i) the
within-subject BV (CVI), which is defined as the variation of
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the concentration/activity of a measurand around a homeo-
static set point within a single individual in steady state,
estimated in a group of individuals, and (ii) the between-
subject BV (CVG), which refers to the variation between the
homeostatic set points of different individuals. APSs are
defined for many different properties in the laboratory and
are commonly calculated for imprecision, bias, total allowable
error (TEa) and allowable measurement uncertainty (MAu).
When setting APS these can be aspirational or more prag-
matic, for use in “daily life”.

However, importantly, when using BV data for setting APS
andother laboratory applications, this requires BVdata to be of
high quality and fit for purpose [1]. There have been numerous
BV studies published, but the quality of these studies, both in
terms of execution and reporting, vary. In the last decade,
various initiatives have been undertaken to improve on the
quality of available BV data. One major initiative is the estab-
lishment of the EFLM biological variation database [2], which
provides detailed and quality-appraised BV data for numerous
measurands, and automatic calculation of APS, based on global
BV estimates derived from meta-analysis of quality-assessed
studies. However, it is essential that users of the database un-
derstand how to best select appropriate APS for use in their
laboratory and the limitations in available BV data. In this
opinion article, we examine which APS definitions are
based on BV data, describe how to establish BV-based APS
and discuss the strengths and limitations of the different
approaches included in the EFLM biological variation
database. We also provide an overview of the establish-
ment of the EFLM BV database and its current state.

Analytical performance
specifications based on biological
variation

There aremany different strategies available to set APS, which
have evolved over time. Themain criterium that APS should be
based on BV was first formally accepted in 1976 in a College of
American Pathologists conference [3]. It dealt with how to set
APS for imprecision, describing two different scenarios:

1) “Group screeningwhere an individual is to be selected
from a population, a specification for imprecision (CVA)”was
defined as:

CVA = 0.5 ×
̅̅̅̅̅̅̅̅̅
CV2

I + CV2
G

√

and 2) “For individual single andmultipoint testing, inwhich
an individual is evaluated on the basis of discrimination
values”:

CVA = 0.5 × CVI.

In 1988 Gowans proposed the formula for acceptable bias as
0.25 × (CVI2 + CVG2)1/2, defined for using harmonised/trans-
ferable reference intervals between laboratories, pre-
supposing imprecision of “almost zero” [4]. In a 1993
publication [5], Fraser and Petersen proposed the formulae
that are most commonly used today for acceptable impre-
cision, bias and TEa,where the latterwas intended to be used
for External Quality Assessment (EQA). In a review paper
about APS published the same year, Petersen et al. again
emphasised that if imprecision is not zero, the factor 0.25 in
the bias formula should bemodified [6]. In the same paper, it
was underlined that “The basic principle (for using BV esti-
mates to set APS) is that the analytical errors should have a
minimal influence compared to: (i) the biological within-
subject variation, and (ii) the total biological (combined
within- and between-subject) variation”. In 1999, the Stock-
holm Conference on “Strategies to set global analytical
quality specifications in laboratory medicine” [7] advocated
the ubiquitous application of a hierarchical structure of
approaches, based on a model proposed by Fraser and
Petersen [8]. In one of the levels, level 2b, it was stated that
“data based on components of biological variation” should
be used to set APS. In the two editorials from 1991 to 1999 by
Fraser and Petersen [8, 9] it was further elaborated that APS
for imprecision could be determined as CVA=0.5 × CVI, and
APS for bias could be determined as 0.25 × (CVI2 + CVG2)1/2.
Furthermore, it was stated that imprecision and bias should
be judged separately.

In 2014, in the 1st Strategic Conference of the EFLM,
the concept of three different models to set APSwas agreed
upon [10]. These included (i) model 1; based on the effect of
analytical performance on clinical outcomes with sub-
model 1a using direct outcome studies and sub-model 1b
using outcome studies based on modelling, (ii) model 2;
based on components of BV and (iii) model 3; based on
state of the art. When the definition of APS was read-
dressed in the Strategic Conference, it was explicitly stated
that the main reason to set APS based on BV was that
“analytical noise should be small comparedwith biological
variation” [10, 11]. A proposal for how to allocate different
measurands to different models, including the BV model,
has been published [12]. Presently, due to the lack of data
to establish APS based on model 1, APS can, for most
measurands that have a stable concentration, be based on
BV. In the following, the background and rationale for the
different BV-based APS presented in the EFLM database on
BV [2] are summarized and discussed. There are also
additional APS formulae utilizing BV data that will not be
addressed here.
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APS for analytical imprecision (CVA)

As described above, APS for analytical imprecision is, from a
historical point of view, the “oldest” BV-based APS approach
[3, 6, 13]. In this, the APS for CVA is simply set as equal to
0.5 × CVI, with the rationale that the noise (analytical
imprecision) then will be small (12 %) compared to the CVI
[14]. The set percentage for acceptable noise is, of course,
arbitrary and was possibly chosen simply because “0.5” is a
“nice and easy” number. However, it is seldom specified in
what “precision” situations the formula is applicable for; is it
e.g. for repeatability precision, intermediate precision, or
reproducibility precision?

APS for bias

Bias is a component of measurement error that in replicate
measurements remains constant or varies within a defined
scope [15]. Ideally, in laboratory processes, a significant
bias should be eliminated, and efforts are directed into
minimizing the bias between measurement procedures [9].
However, from a practical point of view, it may not be
possible to remove significant biases completely, and itmay
then be useful to define an APS as to what constant sys-
tematic differences can be acceptable, without compro-
mising clinical decisions. The most commonly used APS for
bias (0.25 × (CVI2 + CVG2)1/2) had, as described above, the aim
to set “analytical goals required for the successfully trans-
fer of reference intervals between laboratories within
a specified limited geographical area, with a population
homogeneous for the quantities” [4]. Furthermore, the
authors stated that presuppositions for using this formula
was that “the maximum acceptable percentage of the
population outside the limit for the 0.90 confidence interval
of each of the reference limits is 4.6 % for a population
sample size of 120” and that “bias should not exceed
0.25 × (CVI2 + CVG2)1/2, when analytical imprecision is almost
nothing, or that the percentage of the population outside
each reference limit should not exceed 4.6 % for a combi-
nation of analytical imprecision and bias”. Thus, the APS for
bias derived by this formula, as it is now commonly used in
many laboratories, is overestimated since imprecision is
never zero and rarely negligible compared to any bias.
Another limitation of this formula is that it assumes a
Gaussian distribution of the data forming the basis for the
reference interval, which is seldom the case. In the work
defining this APS, it was underlined that the bias formula
and the imprecision formula should be used separately.
However, this is ignoring the problem that if they are used

separately in one laboratory, the total acceptable “error” in
the laboratory is actually the combination of the two.

It can be debated if this formula is actually “based on
biological variation” since although estimates of within- and
between-subject biological variation are included, the
rationale behind it is an “expert opinion” i.e. that no more
than 4.6 % of the population should be outside each refer-
ence limit. Thus, this is actually more of amodel 1b approach
[10]. However, when the formula is used today, it is often
used for setting APS for all kinds of biases, presumably with
the rationale to minimise analytical noise relative to both
within- and between-subject BV [6]. From this point of view,
it is a BV based approach.

APS for total allowable error (TEa)
and allowable measurement
uncertainty (MAu)

A laboratory worker monitoring e.g. a measuring system
may find separate APS for bias and imprecision useful for
quality control purposes. Users of laboratory test results,
however, will not be likely to care if the uncertainty of a test
results is caused by imprecision or bias, as from a clinical
point of view, the total error or uncertainty of the result is
what matters. The concept of TE, although mentioned by
Eisenhart in 1963 [16], was first elaborated by Westgard in
1972 [17]. MU, as presented in GUM in 1993 [18] and TE
represent different paradigms in metrology. Kallner aptly
summarized the difference as follows: “MU defines an in-
terval around ameasured value, where the true value can be
found with a certain probability. TE defines an interval
around a true value, where themeasured value can be found
with a certain probability” [19]. TE is based on the error
concept where a reference value, serving as an unbiased
estimate of the true value, is known. InMU, however, we are
talking about the uncertainty of the measurement result,
with a value that can be traced back to a standard of a higher
order. In VIM3 [15], it is stated that “No rule can be derived on
how they (random and systematic error) combine to form
the total error of any given measurement result, usually
taken as the estimate. Usually, only an upper limit of the
absolute value of the total error is estimated, sometimes
loosely named “uncertainty””. It is often stated that TE is
easier to calculate thanMU. Thismight be true if the “bottom
up” approach, which is based on the combined uncertainty
where the uncertainty of each individual measurement step
across the entiremetrological traceability chain is identified,
quantified and added, is used for calculatingMU. However, if
a “top down” approach, which is based on estimates of the
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measurement uncertainty from repeated measurements,
typically by evaluating internal quality control data is used,
MU can be rather easy to calculate [20]. A comparison of the
use of error and measurement uncertainty methods in lab-
oratory medicine can be found in refs. [21, 22].

APS for total allowable error (TEa)
estimated as a combination of
allowable imprecision and
allowable bias

The total allowable error (TEa) formula, as shown below,
combines both bias and imprecision to define the APS. It was
proposed by Fraser CG and Petersen PH, first published in
1993, and it was intended to be used to define acceptable
limits for EQA schemes based on single determination of
circulated survey material [5]. In EQA, ideally the measure-
ment accuracy of one single result is compared with a target
value from a reference measurement procedure. Whether
the deviating result is due to poor precision or to poor
trueness is not known. The formula is, however, simple and
easy to remember.

TEa < 1.65 × (0.5 × CVI) + 0.25 × (CV2
I + CV2

G)1/2
It combines the allowable imprecision with allowable

bias, which, as previously described, has no mathematical
basis [15, 23], and it results in an overestimation of TEa.
Nevertheless, it is widely used, including for general labo-
ratory applications. In a personal communication from
Professor Callum G Fraser in relation to this manuscript, he
writes: “In my opinion, these concepts (TEa) are outdated. A
particular concern is the use of an APS for bias, which is
based, in part, on CVG. While CVI seems to be able to be
regarded as a “constant”, CVG is dependent on the population
studied. Thus, the APS for bias will vary dependent on the
population used to derive the components of analytical
and biological variation. At this point in time, opinion
seems to have generally returned to my view of the 1970s
and 1980s [24] that bias ought to be eliminated, and the use
of measurement uncertainty has become widespread and
is required by accreditation bodies. Importantly, no bias
means that common reference intervals can be applied
throughout a geographical area if the methods examine
the same measurand and allows the correct use of fixed
numerical criteria for interpretation. If then, bias should be
eliminated, the APS for MU clearly should be based only on
CVI”. In laboratory practice, bias is often not eliminated for

many measurands measured using different measurement
procedures. Laboratories should critically consider when
the TEa approach is applicable to use.

APS for allowable standard
measurement uncertainty (MAu)
and for allowable expanded
measurement uncertainty (MAU)

In the MU paradigm, bias should be corrected or eliminated,
and all the remaining sources of variation added linearly as
variances. A measurement result therefore can comprise
two uncertainties: the uncertainty associated with bias
correction and the uncertainty due to imprecision. The APS
for allowable standardmeasurement uncertainty (MAu) can
be set as 0.5 × CVI, similar to the APS for imprecision, and the
allowable expanded measurement uncertainty (MAU) is
k × 0.5 × CVI. The “k” is the coverage factor, for example, 2 or
3, to obtain a certain confidence level (approximately 95 or
99 % respectively). The coverage factor most in use is 2,
reflecting the “usual” 95 % confidence interval (CI) used in
laboratory medicine. In this situation, the APS MAU can be
calculated as 2 × 0.5 × CVI. These formulas are based on BV,
with the aim to minimize analytical noise compared to the
BV. They can be used to verify that the estimated MU is
within the set APS and to facilitate communication of the
uncertainty of a patient result to clinicians and patients. It
may be more challenging to use for monitoring and con-
trolling instruments in the laboratory, where detecting bias
and imprecision separately may be preferable. The MAu can
in many cases be considered as an APS for imprecision
performed under intermediate or reproducibility precision
conditions [20].

The biological variation data critical
appraisal checklist

When using BV data to define APS, the applicability of the
APS depends on the BV data they are based on, being both
reliable and relevant to the population the laboratory serves.
In the consensus document from the EFLM Strategic Con-
ference, it was stated that the user should “carefully assess
the relevance and validity of the biological variation data”
[10] used to set APS. On this background, the EFLM estab-
lished in 2014 a Task Group for the biological variation
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database, with the objective to appraise the quality of BV
data that was publicly available [25]. One of the outcomes of
this group’s work, is the biological variation data critical
appraisal checklist (BIVAC) [26], which is a tool for quality-
assessing published BV studies. The BIVAC is designed to
verify whether all essential elements that may influence
upon veracity and utility of the associated BV estimates are
included in a publication. The checklist consists of 14 quality
items, which can be awarded scores A, B, C or D, indicating
decreasing compliance. Critical quality items, such those
referring to description of the study population, samples,
sample material and timing of sampling, as well as the
analytical method, may elicit a score D (unsuitable for use in
clinical practice), if not appropriately performed or char-
acterized in the study. The other quality items included in
the checklist refer to necessary elements for interpretation
and application of the BV data and may receive scores A, B
and/or C. Since the publication of the BIVAC, an increasing
number of studies adhere to this checklist, indicating they
are fully BIVAC compliant. This illustrates how the BIVACnot
only serves as a tool for appraisal of already published
studies, but that it also may serve as a guide for those
planning and publishing new studies.

The EFLM biological variation
database and automatic calculation
of BV-based APS

A second major initiative to make available high-quality BV
data is the development of the EFLM biological variation
database [2]. The EFLM biological variation database was
launched in May 2019 and currently includes over 3060 BV
data sets derived from 581 published and quality-assessed BV
studies. Both details on the publications, the results for the 14
BIVAC quality items as well as a detailed BV minimum data
set including around 30 descriptive items are registered for
each publication included in the database. Additionally, BV
estimates from studies with similar study design, performed
in healthy adults and with BIVAC grade A, B and C, are
included in meta-analyses to provide global BV estimates.
Global BV estimates are presently published for 185 different
measurands, with meta-analysis results for additional
measurands in the line to be published. The automatically
calculated APS can be found either by selecting the Meta-
Analysis box on the front page or by searching for the
measurand of interest (Figure 1). For the measurands for
which there are sufficient quality BV data to perform a

Figure 1: Screenshot of the front page of the online EFLM biological variation database. In this database, detailed information for biological variation
data sets derived from critically appraised biological variation studies, as well global within-subject and between-subject biological variation estimates,
derived from meta-analysis, are published and automatically updated whenever new data are added. For each measurand analytical performance
specifications (APS) and reference change values (RCV) are also automatically calculated.
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meta-analysis, users can also access automatically calcu-
lated APS, by selecting “Analytical Performance Specifica-
tion”. When accessing this feature, the database will
automatically calculate and report the following BV based
APS, i.e., imprecision, bias, TEa and MAU, defined for
minimum, desirable and optimal, as illustrated, as an
example, for total calcium in Table 1. In addition, data for
measurands not fulfilling the criteria for the meta-analysis,
or data from different states of health, age groups, gender
and with other sampling intervals are also included in the
database and may be of relevance to selected laboratories
for setting APS.

Discussion

Setting appropriate APS is an important part of assuring the
reporting of correct laboratory test results, and it is a
continuously ongoing and at times challenging process. In
this opinion paper, different approaches for setting APS
based on BV have been presented. The APS described in this
paper are also defined for different levels i.e., minimal,
optimal and desirable (Table 1). However, the selection of the
numerical factors defining these, may seem arbitrarily
chosen [14]. In principle, only the APS for imprecision and
MU are based solely on BV, whereas APS for bias and TEa
might be considered a combination of BV and a type 1b
approach.

When selecting APS, it must firstly be considered if the
measurand in question is suited for the BV model. Further-
more, also the situations or scenario for which the APS are
set must be considered. Are the APS to be used in the labo-
ratory for method validation, lot to lot variation, internal
quality control or for assessing participants in EQA schemes?
Or is the APS an aspirational goal which the laboratory and
manufacturers should strive to achieve in the future? One
can argue that APS for imprecision and bias are more useful
for a continuous evaluation of processes in the laboratory,

whereas defining APS for MU may be particularly useful to
be able to inform clinicians and patients about the uncer-
tainty of laboratory results [21, 22].

Regardless of the selected APS approach, their applica-
bility will depend on the BV data they are based on and
whether these are relevant to the laboratory and type of
population it serves. In today’s BV database, global BV esti-
mates are derived from studies in healthy adults where
sampling has been from biweekly to monthly. For the most
frequently requested measurands, many BV studies of
acceptable quality may be available, whereas for others,
only data from single studies are available. This underlines
the importance for users assessing available BV data for its
quality and relevance to the laboratory’s populations prior
to using such data to define their APS.

Conclusions and the way forward

There are different approaches for setting APS, but today,
APS for many measurands are defined based on BV data.
Which formulae to use is dependent on e.g. if the TE or the
MU paradigm is used, the latter being metrologically the
more correct. APS for bias is, however, appropriate for lab-
oratories implementing TE paradigms. In the EFLM biolog-
ical variation database, the APS that have been discussed in
this paper are automatically calculated, accompanied by
information on the strengths and limitations of the different
approaches [2]. For the future, we will aim to add informa-
tion onmeasurands forwhichAPS based on BV should not be
used and also to include APS for measurands where other
models are preferable [12]. Furthermore, there is today a
focus on data mining/“big data” studies to deliver BV data,
whichmay facilitate delivery of BV data for newmeasurands
and states of health. These studies are based on a different
methodological approach than the classical prospective
experimental BV studies. Work is ongoing to define a critical
appraisal checklist applicable to such studies, allowing them

Table : Biological variation (BV) estimates for total calcium derived frommeta-analysis, with associated analytical performance specifications (APS) for
imprecision (CVA), bias, allowable expandedmeasurement uncertainty (MAU) and total allowable error (TEa), as calculated in the EFLMbiological variation
database.

BV estimate (% CI) Number of included
BV datasets, n

Total number
of BV data sets, n

APS Imprecision (CVA) Bias MAU TEa

Within-subject BV (CVI) . (., .)   Minimum . . . .
Between-subject BV (CVG) . (., .)   Desirable . . . .

Optimal . . . .
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in the future to be included inmeta-analysis in the database.
There is also ongoing work to establish new concepts for
setting appropriate APS based on BV, including how to better
defineminimum, desirable and optimumAPS. Furthermore,
paradigm shifts in metrology, including the draft VIM 4 will
require even more extensive developments of APS. We will
aim to include new APS in the database as they evolve, with
the overall goal for the EFLMbiological variation database to
be an updated and valuable tool for laboratories, clinicians,
and guidelines developers.
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