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Establishment of common reference intervals for homogeneous populations
within regions is based on the same basic principles as the IFCC recommenda-
tions for individual laboratories, but a few additional prerequisites are needed.
Thus, the need for common standardization and traceability during production
of the reference values and with the application of the common reference
intervals in the laboratories becomes crucial. Furthermore, the external control
system must be geared to the purpose, using matrix-correct control materials
with concentration values traceable to the same reference methods, and
validation of results according to analytical quality specifications designed for
the use of common reference intervals. Here, the standards may have a
restrictive influence on the establishing of common reference intervals, with their
demands for the use of the producers’ traceability, instead of a relevant high-
quality reference preparation shared by all the participants. Two main strategies
for measurements are analysis immediately after the sampling, and storage of
samples until analysis in one or a few analytical runs. The former strategy needs
constant standardization and stability of the performance in many laboratories
and in several analytical runs, resulting in between-run variation, whereas the
latter precludes this between-run variation, but makes demands on the stability
of the components under storage. When a considerable number of laboratories
decide to establish common reference intervals, it is possible to obtain large
sample sizes of reference values, which reduces the confidence intervals around
the reference limits. It also makes it possible to collect samples from many
subgroups, such as racial groups and groups related to different environmental
conditions, as well as the traditional groupings according to age and gender,
pregnancy and use of oestrogens. If all these subgroups are large, e.g. n> 500,
the confidence limits will be small and criteria for partitioning can be applied.
Choosing reference individuals is not easy, as definitions of health, as well as
rule-in and rule-out criteria vary from one investigation to the other. Therefore,
the strategy and the criteria must be thoroughly described. Arguments for
establishing common reference intervals are not needed. On the contrary, lack of
such common reference intervals should be explained.

Key words: Common control; common standardization; homogeneous popula-
tions; partitioning according to subgroups; statistical evaluations

DOI 10.1080/00365510410006298 285



286  P. Hyltoft Petersen & P. Rustad

Per Hyltoft Petersen, Department of Clinical Biochemistry, Odense University
Hospital, DK-5000 Odense C, Denmark. Tel. +45 65 412 836, fax. +45 65 411
911, e-mail. per.hyltoft.petersen@ouh.fyns-amt.dk

INTRODUCTION

In a series of articles on reference values and
reference intervals, the IFCC outlined recom-
mendations for establishment of reference
intervals in the individual clinical chemical
laboratory [1-6]. In this series, for example,
reference values and reference intervals are
defined, and the question of health is discussed
[1], together with further details on the selection
of reference individuals and exclusion criteria as
well as partitioning according to subgroups
related to age and gender [2]. Biological fac-
tors (preparation of the individuals, etc.) and
methodological factors (specimen collection and
handling) are also described [3]. The most
comprehensive recommendation of the series
consists of a detailed description of the pro-
cedures for calculation of reference limits, dealing
with both parametric and non-parametric esti-
mation of these limits [5], whereas the last paper
deals with the presentation of reference values
and classification of observed values [6]. The
fourth part of the series [4] describes “Control
of analytical variation in the production and
application of reference values”, concentrating
on the internal quality control (IQC) and
external quality assessment (EQA), while the
section on transferability of reference values
between laboratories is very short, and the main
impression is that the IFCC recommends that
each laboratory should produce its own refer-
ence intervals.

Production of laboratory-specific reference
intervals, however, is a laborious and costly pro-
cess if all recommendations are to be followed
[7], so laboratories often borrow reference
intervals from other laboratories or produce
reference intervals from small sample sizes of
less well-described reference individuals, if they
do not use medical students.

Since the publication of these IFCC recom-
mendations, there has been increasing interest
in production of common reference intervals for
homogeneous populations to be shared by
laboratories within a region, because clinicians
and other physicians as well as the patients do

not understand that reference intervals tend to
vary among laboratories, and that measurement
results from different laboratories can be
different for the same blood specimens. Thus,
from Spain, two publications on ‘“‘multicentric
reference values” illustrate that it is possible
to establish common reference intervals for a
whole country for laboratories using the same
equipments and reagents [7, 8]. A project on
common reference intervals for specific plasma
proteins based on the Certified Reference Mate-
rial (CRM 470) covered the Nordic countries [9],
and a Swedish project on common reference
intervals was designed for a county [10], whereas
a Japanese project covered a whole prefecture
[11], and now there is “‘the Nordic project on
common reference intervals for 25 common
analytes” [12-14]. Furthermore, some of the
prerequisites for determining racial and environ-
mental similarities and differences for plasma
proteins have been published [15].

The new concept of sharing common refer-
ence intervals for a homogeneous population
within a region has added new aspects and new
prerequisites to the IFCC recommendations
and, consequently, this contribution deals with
these new prerequisites in relation to the IFCC
recommendations.

SAMPLE SIZE IN RELATION TO
COMMON REFERENCE INTERVALS
AND PARTITIONING

When establishing common reference intervals,
the sample size can be expanded considerably
compared to production of local reference inter-
vals in each individual laboratory. When many
laboratories can share the common reference
intervals, the investment for each laboratory is
limited or the whole work can be concentrated
in one or a few institutions, which may be
funded. Consequently, large sample sizes of 500,
or preferably more reference individuals can be
obtained [9, 11-15]. A large sample makes it
relevant to perform a detailed investigation of
subgroups where it now is possible to obtain



reliable estimates of the subgroup reference
intervals, with reasonably small confidence
intervals for the reference limits, as each
subgroup will at least fulfil the minimum size
of 120 recommended by the IFCC [5]. The 90%
confidence interval (CI) for a sample size of
N=120 is, however, +0.24*s (or more gener-
ally 0.25*s) where s is the population standard
deviation.

The criteria for partitioning are according to
Lahti et al. [16]:

A. If one or both differences between the lower
reference limits and difference between
upper reference limits of two subgroups
are >0.75%S|owest, Where Sjowest 1S the smallest
s of the subgroup standard deviations,
partitioning is recommended.

B. If both these differences between lower
reference limits and higher reference limits
of two subgroups are <0.25%*sjowest, parti-
tioning is not recommended.

C. For differences between the two extremes
(0.25*8)0west < difference <0.75*sowest), Other
than statistical reasoning is to be considered.
This could be due to genetic differences,
which are not investigated routinely, whe-
ther it is easy to distinguish between, for
example, racial subgroups, based on infor-
mation from the literature, clinical impor-
tance, etc.

Criterion A. can also be based on the fraction
of reference individuals from each subgroup
and must not exceed the interval of 0.9 to 4.1%
of the population when the common reference
limit is applied. When a prevalence of a
subgroup, different from 0.5, is taken into
consideration, the recommendations for parti-
tioning become more complicated [17].

In order to keep the confidence intervals of
reference limits small compared to the parti-
tioning criteria, each subgroup should be of a
size of at least 500, whereby the parametric
criterion for partitioning becomes reasonablly
large compared to the 90% CI.

CHOICE OF REFERENCE
POPULATION

The question of how to choose reference indivi-
duals cannot be answered in general terms, and
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it often depends on the purpose of the inves-
tigation and the possibilities of finding these
reference individuals. The most common way is
to establish reference values from a healthy
population, but even here, the definition of the
state of health is problematic. A number of
strategies can be reported:

a. Selection of homogeneous reference groups
according to racial, ethnic, geographical and
environmental conditions, aiming at being
representative of the population to which it
is to be applied

b. Stratification according to age and gender,
menstrual cycle, pregnancy and oestrogen
supplement

¢. Definition of state of health, i.e. rule-in and
rule-out criteria according to stated require-
ments; e.g. allowable medication, drug abuse,
measured concentrations of other quantities
indicating chronic or acute diseases, some-
times with a medical examination

Examples are Harris er al. [18], who applied
criteria for partitioning to a population of
Hispanics, Asians, Whites and Blacks for serum
creatine kinase, with the interesting result of
three reference intervals. A high interval for
Black men, an intermediate for Hispanic, Asian
and White men together with Black women,
and a low interval for Asian, Hispanic and
White women. Jorgensen et al. [19] invited 2100
people according to the “local personal identi-
fication register” for measurements of fasting
plasma glucose, and 755 responded. Of these,
29 were diseased and of the remaining 726
participants a large number were at risk for
diabetes, leaving only 424 as a “low-risk”
population. In a very painstaking investigation
involving 255 individuals participating in a
longitudinal reference interval study, starting
in 1963, all reference individuals underwent
medical examinations by a specialist in internal
medicine [10]. In a comparable investigation on
plasma proteins based on 999 reference indivi-
duals, who were first selected through a medical
examination, but afterwards 25 usual clinical
chemical quantities were measured and based
on a 99% criterion of these reference intervals,
only individuals without values outside these
limits were accepted for estimation of reference
intervals for the plasma proteins [20]. In another
investigation on plasma proteins [9], the reference
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individuals were selected among the laboratory
personal and their relatives, and with this group
only 37 out of the 553 participants had to be
ruled out. This is very much like the Nordic
project on reference intervals for 25 of the most
frequently used properties in clinical chemistry
[12-14]. In this project variation between
countries is also under consideration.

These examples illustrate different strategies
for inviting reference individuals, and at the
same time indicate that invitation according to
a random selection from, for example, social
security numbers leads to the exclusion of a
large proportion of the participants, whereas
selection of hospital personal and their relatives
make the exclusion more moderate. There are
no recommendations on which selection method
is the more appropriate, and this may depend
on the purpose of the investigation and the
possibilities for recruiting reference individuals.
It is important, however, to describe the strategy
and the individuals and to apply clear criteria
for rule in and rule out.

PRE-ANALYTICAL CONDITIONS

The pre-analytical conditions can be divided
into preparation of the reference individual
before sampling, the conditions during sam-
pling, the tubes and handling of samples and
the storage. Guder et al have written an
excellent book on the subject [21] and a booklet
on quality of samples [22].

Preparation of the reference individuals

This preparation is mainly in the form of
restrictions such as fasting/usual intake of food,
no exhausting exercise and no alcohol and
smoking for some time before the sampling, etc.

Sampling procedure

Usually the sampling procedure should be
performed in accordance with the routine of the
laboratory. For blood sampling, the general
condition is to sit in a relaxed position for
15 min before the sampling is taken in an arm
vein, using vacuum tubes, but sampling of
capillary blood from the finger may be relevant,
and for measurements of coagulation analyses,
the first glass must be discharged. In this context

the use of anticoagulation and separator gels
may be crucial for the measurement results.

Handling of samples

Blood for production of serum must be
allowed to coagulate before centrifugation,
but tubes with anticoagulants can be handled
immediately, and for quantities like plasma
glucose, instant cooling is necessary.

Storage of samples

In contrast to the routine measurements, which
are performed shortly after sampling in the
laboratory, the production of reference values
is usually performed after storage of the samples
until measurements, which are often done in one
single or a few analytical runs. This storage must
not have any influence on the measurement
results, if the reference values are to represent
the population and are to be useful for calcula-
tion of reference intervals.

ANALYTICAL QUALITY

The standardization of the analytical proce-
dures and the traceability of the measurement
values are crucial for establishing common
reference intervals, as any analytical bias will
result in disclosure of the estimated reference
interval and, thereby, disagreement between the
reference interval and the population to which it
is applied. Increasing bias will result in increas-
ing deviations in the assumed 2%:% of the
reference population outside each reference
limit. The standardization needed for establish-
ing common reference intervals must therefore be
based on reference methods with tight traceabi-
lities to the calibrators in use via matrix-correct
materials in the chain or by use of split samples,
i.e. patient samples measured by both the
reference method and the field method. If not
possible, the standardization should be based
on a matrix-correct reference material, which
could be a non-processed liquid frozen serum
pool for serum analytes.

Two strategies for measurements in a project
on common reference intervals are (i) to mea-
sure as soon as possible, which requires strict
standardization of the methods in use, or (ii)
measurement in a single/few analytical run(s)



after storage of all samples until the measure-
ment in a single laboratory. The latter strategy
may introduce a systematic error owing to the
actual calibration but at the same time reduces
the between-run analytical imprecision. Here
the stability during storage is vital.

STATISTICS

The statistical estimations of reference intervals
for common reference intervals are based on the
same statistical principles for parametric as well
as for non-parametric evaluations [5] and now
also by using the non-parametric estimation
according to the bootstrap-based procedures
[23], whereas the possibilities for collection of
large samples make the subgrouping relevant
with partitioning according to well-defined
criteria [16, 17].

ANALYTICAL QUALITY
SPECIFICATIONS

When the common reference intervals are
established according to the best analytical
standardization, it is important to maintain
the quality in all laboratories using the common
reference intervals. Analytical quality specifica-
tions for this purpose are outlined for gaussian
distributions [24] as well as for log-gaussian
distributions [25], based on the idea of large
sample sizes to reduce the confidence intervals
around the reference limits, and if this, instead,
is used to allow for analytical deviations in the
user laboratory, each laboratory could obtain
the same quality of reference interval by
establishing its own according to the IFCC
[5], and then all laboratories would have the
same reference intervals. The first analytical
quality specifications [24] were that a combina-
tion of bias and imprecision (in relation to the
produced reference intervals) should not result
in the percentage of reference values outside
each reference limit exceeding the interval 1.4 to
4.4%. This corresponds to 0.25 times the
population-based standard deviation, which is
equivalent to the confidence interval for the
sample size of 120, which is the minimum
recommended by the IFCC [5]. The specifications
were later graduated for the bias term to 0.125,
0.25 and 0.375 times the population-based
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standard deviation for optimum, desirable and
minimum quality, respectively [26]. To obtain
the combined specifications for bias and impre-
cision, the calculations are more complicated,
but the different combinations of analytical
quality specifications can be illustrated graphi-
cally [27]. A list of estimated biological within-
and between-subject variations and analytical
quality specifications can be found at Westgard’s
web side [28, 29].

EXTERNAL CONTROL

For regions with common reference intervals,
the external control should be related to this
purpose and based on the same standardization
as that used during the establishment of the
common reference intervals and with accep-
tance limits according to the analytical quality
specifications for sharing the common reference
intervals. External control related to the estab-
lishment of common reference intervals, and
using the analytical quality specifications for
possible recommendation of use of the common
reference intervals has been performed [9].

STANDARDS

The reference intervals are also mentioned in
the EU Directive 98/79/EC (Annex I 8.7) and
the EN/ISO 15189 (5.5.5), but where the
Directive writes that the producers of kits and
reagents are responsible for the reference
intervals, the ISO-standard holds the individual
laboratories responsible [30]. This discordance
is not readily resolved, as the Directive demands
the companies to direct their reference intervals
to all areas and races and at the same time
makes it difficult for the laboratories to obtain
reliable reference intervals, as the standardiza-
tion is also the producer’s responsibility. This
makes it extremely difficult to apply the com-
mon reference intervals to laboratories, which
are not able to establish the same standardiza-
tion as that under which the common reference
intervals are produced, owing to differences in
methods and calibrators from the various pro-
ducers. The directive does not make it easy to
establish the common standardization needed
for production and use of common reference
intervals.
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In reality, the standards are very demanding,
without giving relevant advice for the reference
intervals, and they do not reflect the concept of
common reference intervals.

GENERAL DISCUSSION

It should not be necessary to argue for estab-
lishing common reference intervals for homo-
geneous populations and within regions like the
Nordic countries. On the contrary, arguments
for not having common reference intervals
should be demanded.

The prerequisites for establishing common
reference intervals are basically the same as
those for production of reference intervals in
the individual laboratory [1-6], but a number
of prerequisites need to be added. These are
related to the standardization needed for har-
monizing the analytical measurements in the
region to use the common reference intervals
and to the quality of the external control needed to
monitor the current analytical quality with reliable
control materials and with traceable concentration
values where possible. Furthermore, this control
should be performed according to the analy-
tical quality specifications for common reference
intervals.

With cooperation between all laboratories in
a region, it should be possible to obtain large
sample sizes, in order to gain confidence about
the estimated limits and in order to investigate
variations among defined subgroups according
to age and gender as well as race and environ-
mental conditions, etc.

It would be relevant to produce a new
standard based on the IFCC recommendations
and with the extra requirements for establishing
common reference intervals, which could over-
rule the conflicting and insufficiently available
standards.

CONCLUSIONS

Special prerequisites for the establishing of
common reference intervals are:

1. Large sample sizes. Each subgroup should
have a sample size of > 500.
2. Partitioning criteria based on the acceptable

fractions of reference individuals outside the
reference limits.

3. Analytical quality specifications for estab-
lishing common reference intervals.

4. Common standardization and common
external control according to the analytical
quality specifications.

5. Standards that not render the establishment
of common reference intervals difficult.
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