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A B S T R A C T

Objective: This article wants to focus on the today available Reference Measurement Procedures (RMPs) for the
determination of various analytes in Laboratory Medicine and the possible tools to evaluate their performance in
the laboratories who are currently using them.
Methods: A brief review on the RMPs has been performed by investigating the Joint Committee for Traceability
in Laboratory Medicine (JCTLM) database. In order to evaluate their performances, we have checked the or-
ganization of three international ring trials, i.e. those regularly performed by the IFCC External Quality as-
sessment scheme for Reference Laboratories in Laboratory Medicine (RELA), by the Center for Disease Control
and Prevention (CDC) cholesterol network and by the IFCC Network for HbA1c.
Results: Several RMPs are available through the JCTLM database, but the best way to collect information about
the RMPs and their uncertainties is to look at the reference measurement service providers (RMS). This part of
the database and the background on how to listed in the database is very helpful for the assessment of expanded
uncertainty (MU) and performance in general of RMPs. Worldwide, 17 RMS are listed in the database, and for
most of the measurands more than one RMS is able to run the relative RMPs, with similar expanded un-
certainties. As an example, for a-amylase, 4 SP offer their services with MU between 1.6 and 3.3%. In other cases
(such as total cholesterol, the U may span over a broader range, i.e. from 0.02 to 3.6%). With regard to the
performance evaluation, the approach is often heterogenous, and it is difficult to compare the performance of
laboratories running the same RMP for the same measurand if involved in more than one EQAS.
Conclusions: The reference measurement services have been created to help laboratory professionals and man-
ufacturers to implement the correct metrological traceability, and the JCTLM database is the only correct way to
retrieve all the necessary important information to this end.

1. Introduction

According to the International Vocabulary of Metrology (VIM) a
reference measurement procedure (RMP) is defined as “measurement
procedure accepted as providing measurement results fit for their in-
tended use in assessing measurement trueness of measured quantity
values obtained from other measurement procedures for quantities of
the same kind, in calibration, or in characterizing reference materials”
[1]. With regard to the measurement procedure, “a detailed description
of a measurement according to one or more measurement principles
and to a given measurement method, based on a measurement model
and including any calculation to obtain a measurement result” is re-
ported. Among the notes, it is written that “a measurement procedure
can include a statement concerning a target measurement uncertainty”.
Within this work we try to make a comprehensive list of the currently
available RMPs mostly useful in the field of laboratory medicine, to

present the reference measurement services having implemented some
of these RMPs and to review how their performance may be regularly
monitored.

2. Reference measurement procedures

The first point to address when looking for such a topic is where to
find the relevant information. The Joint Committee for Traceability in
Laboratory Medicine (JCTLM) database Working Group was charged
for identifying, reviewing and publishing lists of available higher order
certified reference materials, higher order reference measurement
procedures, and reference measurement services of laboratories. The
information is available through a dedicated website [2], which is
regularly updated.

Table 1 reports a summary of the RMPs listed among the database.
As can be seen, there is a significant number of procedures listed for
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various components, covering a wide range of substances. Looking with
more attention to the different group, however, it seems that for some
analytes more than one RMP is listed. In the case of glucose, as an
example, the database reports 6 different methods, two of them based
on enzymatic assays, three on isotopic dilution-gas chromatography-
mass spectrometry (ID-GC–MS) and one on isotopic dilution-liquid
chromatography-tandem mass spectrometry (ID-LC-MS/MS). On the
contrary, for other analytes (various metabolites, i.e. lactate) no RMP
are presently available through this database.

We have then tried to review some RMP in order to evaluate how
the uncertainty is estimated in each case. Table 2 lists the methods we
have investigated so far, grouped by the various analytes. As can be
seen, the uncertainty of the measurements is not always described in
such papers, mostly on the oldest ones. However, the estimation of
uncertainty of a RMP is now a requirement for the method being listed
in the JCTLM database.

With regard to the enzymes, in the case of the IFCC primary RMP for
ALT [3] there is no mention to the uncertainty of the measurement of
the enzymatic activity, with the only exception that there is a re-
commendation stating that “the expanded (k=2) combined uncertainty
(normally distributed) of the kinetic photometric measurement should
not exceed 1%”, not including the uncertainty of the wavelength ad-
justment. Also it is written that the expanded uncertainty of the volume
fraction of sample should not be ≥1%. A quite similar pattern applies
also to the IFCC primary RMP for α-amylase [4], where the only esti-
mated uncertainties regard the weighing procedures (≤1.5%) and the
masses on the display of the balances that should not be different from
the target mass by more than±0.5%. However, the combined standard
uncertainty for enzyme measurements has been well described, with
regard to measurement of ALT, by Infusino et al. who have used a

bottom-up approach. In their case, the relative expanded uncertainty of
the measurement was equal to± 2.3% [5].

In the case of substrates, we have looked at the RMPs for creatinine
[6], cholesterol [7] and glucose [8]. With regard to creatinine, two
different set of analytical techniques were proposed in the paper we
have investigated, i.e. one based on ID-GC MS, the second one based on
ID-LC MS. The results from the 2 methods were combined by a Bayesian
approach and the expanded uncertainties of the measurements were
calculated using a bottom-up approach and following the NIST guide-
lines [9]. Type A and type B uncertainties, i.e. the uncertainties arising
from the standard deviations of the repeated measurements, and the
components derived from specific information based on literature, ca-
libration certificates, professional experience, etc., respectively, were
estimated and combined to give the combined standard uncertainties
for each measured serum pool. The expanded uncertainties at physio-
logical (66.5 μmol/L) and high (346.2 μmol/L) creatinine concentra-
tions were 1.8 and 7.4 μmol/L, respectively, corresponding to a relative
expanded uncertainty (Uc) of 2.7 and 2.1%, respectively, as reported in
Table 2.

Concerning cholesterol, apparently no estimation of the uncertainty
of the final measurement is present in the quoted reference [7], neither
the uncertainty issue is discussed in any part of the paper. It is quite
surprising that this topic is not covered in the description of the new
reference method for the cholesterol at the Centers for Disease Control
and Prevention (CDC), which was going to substitute the previous
Abell-Levy-Brodie-Kendall colorimetric method used for so many years
in that prestigious Institution, but this is what we have found. However,
in the JCTLM Database an estimation of uncertainty for this method has
been published (0.65% at 6.3mmol/L, and 4.42%, at 1.1mmol/L).

As we have previously shown, more than one RMP for glucose are
present in the JCTLM database, so we have decided to focus our at-
tention to the most recent one, i.e. the one using ID-LC-MS/MS devel-
oped by Chen et al. and published in 2012 [8]. Also in this work the
uncertainties were determined by using a bottom-up approach, com-
bining Type A uncertainties (calculated from the standard deviations of
replicate measurements, the bias from two different ion pairs, the bias
using different analytical instruments and the linear regression plot)
and Type B uncertainties (uncertainties in the purity of the unlabeled
reference standards and uncertainties in the weighing). The obtained
values calculated when measuring glucose concentration in the NIST
SRM 965b were 4.7 μg/g at the certified value of 323.6 μg/g, and of
35.2 μg/g at the certified value of 2879.2 μg/g, corresponding to the
relative Uc of 1.22 and 1.45%, respectively (Table 2).

With regards to non-peptide hormones, we have selected a RMP for
the determination of total cortisol in human serum [10]. As for crea-
tinine and other analytes, two methods have been proposed, one based
on ID-LC-MS, and another one based on LC-tandem MS. The authors
have estimated the overall uncertainty in the measurements using a
bottom-up approach, and dividing the sources between Type A and
Type B uncertainties, as previously described. The obtained values,
calculated from the analyses of the cortisol content in three different
serum pools, are reported in Table 2. Interestingly, in the same work
they have compared the uncertainties of their proposed RMPs to those
estimated on various routine methods listed in the CAP survey,
founding that the uncertainties of the routine methods are 6 to 8 fold
higher respect to those of the RMPs.

Coming then to proteins, we have selected two components, i.e.
glycated hemoglobin (HbA1c) and amyloid-β 42 (Aβ42). For the first
one, in 2002 Jeppsson et al. proposed two methods based on the
quantitative determination of signature peptides released after diges-
tion with the Glu-C endoproteinase, isolated and quantified by HPLC-
ESI/MS and HPLC-Capillary electrophoresis (HPLC-CE) [11]. The un-
certainty of the measurement was then estimated by taking into ac-
count the reproducibility of the results between four different reference
laboratories running the RMPs and the uncertainty of the primary ca-
librator. A later publication, produced by the coordinator of the IFCC

Table 1
Summary of the reference measurement procedures (RMP) cur-
rently available through the JCTLM database.

Measurands No. of RMPs

Blood cell counting 2
Drugs 14
Electrolytes 36
Enzymes 7
Non-electrolyte metals 15
Metabolites and substrates 49
Non-peptide hormones 30
Proteins 23
Vitamins and micronutrients 10
Total number 186

Table 2
List of reference measurement procedures from the JCTLM database, in-
vestigated with regard to the estimation of the expanded combined relative
uncertainty (k= 2) of the final measurement.

Measurands Measurement technique Ref. Year of
publication

Uncertainties
(Uc, %)

ALT Kinetic
spectrophotometry
(IFCC at 37 °C)

3 2002 nd

α-amylase Kinetic
spectrophotometry
(IFCC at 37 °C)

4 2006 nd

Creatinine GC–MS, LC-MS 6 2007 2.1–2.7
Cholesterol GC-ID-MS (CDC method) 7 2011 nd
Glucose ID-LC-MS/MS 8 2012 1.2–1.5
Cortisol ID-LC-MS, LC-MS/MS 10 2004 2.1–2.2
HbA1c HPLC-ESI/MS, HPLC-CE

(IFCC reference method)
11 2002 1.2

Amyloid-β 42 ID-LC-MS/MS 12 2014 15.7
Vit D3 ID-LC-MS/MS 14 2015 2.6–2.8

nd: not declared.
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Network of the reference laboratories running the RMPs for the de-
termination of HbA1c in human blood [12], has evaluated with more
attention the uncertainty of the values assigned by the Network to the
measured samples, reaching slightly smaller values respect to those
published in the previous work, in the range of Uc corresponding to
1.1–1.3%. In the case of amyloid-β 42 a candidate RMP for its

determination in cerebrospinal fluid was published in 2014 [13]. In this
work there is no explanation on how the Uc was estimated, and the
Authors reported an expanded uncertainty of 15.7% at an Aβ42 con-
centration equal to 700 pg/mL.

Finally, the last RMP we have looked for is related to the determi-
nation of one of the most measured vitamins, i.e. Vitamin D (24R),25-

Table 3
List of the reference measurement services present in the JCTLM database.

Service providers Code Measurands RMP used

Beijing Aerospace General Hospital Reference
Laboratory, China

SP1 ALT, ALP, α-amylase, AST, CK, GGT, LDH
Bilirubin
Glucose, urea
Total protein

IFCC
AACC
CDC
Tot serum protein

CIRME, Italy SP2 ALT, ALP, AST, CK, GGT, LDH
Glucose
HbA1c

IFCC
CDC
IFCC (HPLC/CE)

CLNU, China SP3 ALT, ALP, α-amylase, AST, CK, GGT, LDH IFCC
Guangdong Provincial Hospital of Chinese Medicine

(GPHCM), China
SP4 ALT, ALP, α-amylase, AST, CK, GGT, LDH

Estriol
Glucose, urea
Total bilirubin

IFCC
DGKC
CDC
Doumas

Instand e.V., Germany SP5 ALT, AST, CK, GGT, LDH
Ca, Cl, digitoxin, Li, Mg, K, Na, Theophylline
Cortisol, creatinine, 17β-estradiol, Glucose, progesterone, Testosterone, thyroxine, total
Cholesterol, total glycerol,
Uric acid
HbA1c

Total protein
Urea

IFCC
INSTAND
University of Ghent

IFCC (HPLC/MS-ESI)
Tot serum protein
DGKC

LNE, France SP6 Creatinine, total cholesterol
Glucose
HbA1c
HDL-cholesterol, LDL-cholesterol

DGKC
University of Ghent
IFCC (HPLC/MS-ESI)
CDC

LREC, Spain SP7 ALT, ALP, α-amylase, AST, CK, GGT, LDH IFCC
Maccura, China SP8 ALT, α-amylase, AST, CK, GGT, LDH

Glucose, urea
Total thyroxine
Uric acid

IFCC
CDC
LGC
NIM

National Center for Clinical
Laboratories (NCCL), China

SP9 ALT, CK
Creatinine
HbA1c

Progesterone
Total cholesterol
Urea
Uric acid

IFCC
LGC
IFCC (HPLC/MS-ESI)
University Ghent
NCCL ID-LC/MS/MS
DGKC
NIM

Ningbo Medical System
Biotechnology Co., Ltd., China

SP10 ALT, ALP, α-amylase, AST, CK, GGT, LDH
Bilirubin
Ca, Mg, K
Glucose

IFCC
Doumas
University of Ghent
CDC

PTB, Germany SP11 Ca, Mg, K, Na University of Ghent
ReCCS, Japan SP12 Creatinine, total cholesterol

HbA1c

NIST
IFCC (HPLC/CE)

RfB-DGKL, Germany SP13 ALT, ALP, α-amylase, AST, CK, GGT, LDH
Aldosterone, cortisol, creatinine, digitoxin, 17β-estradiol, estriol (non conjugated),
progesterone, testosterone
Total cholesterol, total glycerides
Total thyroxine, urea, uric acid
glucose
Hydroxyprogesterone
Li, K, Na
Total triiodothyronine

IFCC
DGKC

NIST
Mayo
NIST/CDC/AACC
University of Ghent

Roche Diagnostics GmbH, Germany SP14 Glucose, cholesterol NIST
Shanghai Center for Clinical

Laboratory (SCCL), China
SP15 ALT, ALP, α-amylase, AST, CK, GGT, LDH

Creatinine
HbA1c

IFCC
NIM
IFCC (HPLC/MS-ESI)

UGent - Ref4U, Belgium SP16 Cortisol, 17β-estradiol, free thyroxine, progesterone, testosterone, total thyroxine, total
triiodothyronine, 25-hydroxyvitamin D2, 25-hydroxyvitamin D3

University of Ghent

WEQAS, United Kingdom SP17 Ca, Li, K, Na
Cortisol, creatinine, glucose
Mg, total cholesterol, total Glycerides
Uric acid
Testosterone

NIST/CDC/AACC
University of Ghent
AAS

DGKC
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dihydroxyvitamin D3 [14]. The method developed by Tai and Nelson
using isotopic dilution, liquid chromatography and tandem MS, was
applied to the determination of this vitamin in human serum. The
combined uncertainty was calculate, as already described for other
cases, by using a bottom-up approach and estimating the type A and
type B uncertainties. The final results were in the range between 2.6
and 2.8%, for samples with a total Vit D3 concentration comprised
between 1.6 and 3.1 ng/g.

Table 4
List of measurands covered by the Reference measurement services present in
the JCTLM database.

Measurands Materials or
matrixes

Service providers (range of
expanded Uncertainties, %)

Alanine aminotranferase
(ALT)

P, S, C, HPM SP1 (4.9–1.7)
P, S SP2 (to 2.3); SP3 (3.7–1.9);

SP5(2.5); SP7 (2.2); SP8
(3.1–2.0); P15 (3.0)

S, C, HPM SP4 (2.8)
C, CM SP9 (5.0–1.6)
S SP10 (2.2); SP13 (2.2)

Aldosterone P, S, C SP13 (1.0)
Alkaline phosphatase (ALP) P, S, C, HPM SP1 (4.0–2.2)

S, C SP2 (to 2.5)
P, S SP3 (3.1–1.9); SP15 (2.0)
S, C, HPM SP4 (2.7)
P, S, C SP7 (2.8)
S SP10 (2.1)
C, CM SP13 (2.8)

α-Amylase P, S, C, HPM SP1(2.5–1.6)
P, S SP3 (2.8–2.1); SP7 (2.2); SP8

(2.7); SP15 (3.3)
S, C, HPM SP4 (3.2)
S SP10 (3.0); SP13 (2.7)

Aspartate aminotranferase
(AST)

P, S, C, HPM SP1 (2.2–1.8)
S, C SP2 (to 2.5)
P, S SP3 (3.2–1.6); SP5 (2.5); SP7

(2.5); SP8 (2.9); SP15 (2.7–1.9)
S, C, HPM SP4 (2.9)
S SP10 (2.2); SP13 (2.2)

Bilirubin S, C SP1 (0.73–0.39)
S SP10 (4.0–2.0)
S, C, HPM SP4 (1.0–0.5)

Calcium P, S SP5 (1.0)
S SP10 (1.1–0.6); SP11 (0.9–0.7);

SP17 (2.6)
Cholesterol, total P, S SP5 (1.9)

S, C SP6 (3.0–1.0)
C, CM SP9 (1.0)
S SP12 (0.04–0.02); SP17 (3.6)
P, S, C SP13 (1.0)
P, S, WB, C SP14 (2.2)

Cholesterol, HDL S SP6 (5.0–2.0)
Cholesterol, LDL S SP6 (5.0–2.0)
Cortisol P, S SP5 (1.0)

P, S, C SP13 (1.0)
S SP16 (3.3–1.5); SP17 (2.4)

Creatine kinase (CK) P, S, C, HPM SP1 (3.8–2.1)
P, S SP2 (to 2.5); SP3 (3.0–1.5); SP5

(2.5); SP7 (2.2); SP8 (2.5); SP15
(2.3)

S, C, HPM SP4 (2.4)
C, CM SP9 (5.0–1.6)
S SP10 (2.3), SP13 (2.4)

Creatinine P, S SP5 (1.0); SP15 (1.7)
S, C SP6 (3.0–1.0)
C, CM SP9 (1.5)
S SP12 (0.25–0.03mg/dL); SP17

(1.2)
P, S, C SP13 (1.0)

Digitoxin P, S SP5 (2.5)
P, S, C SP13 (1.0)

17β-estradiol P, S SP5 (1.0); SP16 (3.3–1.5)
P, S, C SP13 (1.0)

Estriol S, C, HPM SP4 (1.0–2.4)
P, S C SP13 (1.0)

Glucose S, C SP1 (3.3–1.5); SP6 (2.0–1.0)
S SP2 (1.8); SP10 (3.0–1.1); SP17

(1.7)
S, C, HPM SP4 (1.2–0.7)
P, S SP5 (1.0); SP8 (2.2–1.6)
CSF, P, S, U,
WB

SP13 (1.0)

P, S, WB, C SP14 (1.7)

Table 4 (continued)

Measurands Materials or
matrixes

Service providers (range of
expanded Uncertainties, %)

γ-Glutamyltrasferase (GGT) P, S, C, HPM SP1 (2.8–1.5)
P, S SP2 (to 2.5); SP3 (2.5–1.8); SP5

(2.5); SP8 (3.0–2.4); SP7 (2.2);
P15 (2.0)

S, C, HPM SP4 (3.1)
S SP10 (3.1); SP13 (2.2)

Glycated hemoglobin (HbA1c) WB or RBC SP2 (to 3.0)
WB, H SP5 (2.0)
H SP6 (4.0–2.0)
C, CM SP9 (2.0)
WB SP12 (0.10–0.07)
WB, C SP15 (1.5)

Glycerides, total P, S, C SP13 (1.0)
S SP17 (2.8)

Glycerol, total S SP5 (1.0)
17-Hydroxyprogesterone P, S, C SP13 (1.0)
25-Hydroxyvitamin D2 S SP16 (4.0)
25-Hydroxyvitamin D3 S SP16 (4.2)
Lactate dehydrogenase (LDH) P, S, C, HPM SP1 (2.5–1.6)

S SP2 (to 2.3); SP3 (2.7–1.5), SP7
(2.3); SP8 (2.2); SP10 (2.2);
SP13 (2.2); SP15 (1.8)

S, C, HPM SP4 (2.2)
P, S SP5 (2.5)

Lithium P, S SP5 (1.0); SP13 (0.03mmol/L)
S SP17 (1.9)

Magnesium P, S SP5 (1.0)
S SP10 (1.5–0.6); SP11 (1.0–0.8);

SP17 (1.34)
Potassium P, S SP5 (1.0); SP13 (0.13mmol/L)

S SP10 (1.4–0.4); SP11 (0.9–0.7);
SP17 (1.4)

Progesterone P, S SP5 (1.0); SP16 (3.3–1.5)
C, CM SP9 (5.0–2.0)
P, S, C SP13 (1.0)

Protein, total P, S C, HPM SP1 (1.4–1.3)
P, S SP5 (1.5)

Sodium P, S SP5 (1.0); SP13 (1.72mmol/L)
S SP11 (0.6–0.4); SP17 (1.14)

Testosterone S SP5 (1.5); SP17 (4.06)
P, S, C SP13 (1.0)
P, S SP16 (3.3–1.5)

Theophylline P, S SP5 (1.0)
Thyroxine, free S SP16 (7.2)
Thyroxine, total (TT4) S SP5 (1.0)

P, S, C, CM SP8 (1.6)
P, S, C SP13 (1.0)
P, S SP16 (3.5–1.7)

Triiodothyronine, total (TT3) P, S, C SP13 (1.0)
P, S SP16 (3.5–1.7)

Urea S, C SP1 (2.4–2.0)
S, C, HPM SP4 (2.1–1.3)
P, S SP5 (1.0); SP8 (2.4–1.9)
C, CM SP9 (1.0)
P, S, U, C SP13 (1.0)

Uric acid S SP5 (1.0); SP17 (3.0)
P, S, C, CM SP8 (1.4)
C, CM SP9 (2.5)
P, S, U, C SP13 (1.0)

C: matrix of calibrators/calibration solution, CM: control materials, CSF: cer-
ebro-spinal fluid, H: hemolysate, HPM: high purity material, P: plasma, RBC:
erythrocytes, S: serum, U: urine, WB: whole blood.
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3. Reference measurement services

It is important to remember that a published RMP is only the basis
and that has to be transformed into a standard operating procedure
(SOP) in every calibration laboratory. As an example, in the case of
HbA1c, the original description of the RMP was published as a research
paper back in 1997 [15], and that only a few years later the SOP was
fully described and published in another paper [11]. Indeed, the mea-
surement design in the individual calibration laboratory has strong
influence on the resulting combined MU, however most of the SOP are
not published (but can be requested to the RMP services). As a matter of
fact, different approaches for the estimation of MU do agree with the
GUM [1]. A complete information on reference measurement services,
including details on the JCTLM reference measurement procedure, ex-
panded uncertainty, contacts and more is freely accessible through the

JCTLM database.
In the JCTLM database a total of 17 laboratories offering themselves

as reference measurement services (RMS) to use RMPs in order to
analyze materials of different matrixes, such as serum, plasma, cali-
bration solutions and more, are listed, as reported in Table 3. In Table 4
the same information is displayed using the measurands as the first key
for search.

From what we have seen, for many measurands listed in the JCTLM
database various RMS are available, especially with regard to electro-
lytes, enzymes, metabolites and substrates, non protein hormones, and
proteins. On the contrary, very few or none at all are available for drugs
(with the exception of digoxin, digitoxin and theophylline), non-elec-
trolyte metals (none available) and for vitamins and micronutrients
(available only for vitamins D2 and D3). By looking then to the un-
certainties estimated for the same measurands, in some cases they are
quite similar, as in the case of α-amylase (from 1.6 to 3.3.%), in other
cases (i.e. total cholesterol) they may differ more substantially (i.e.
from 0.02 to 3.6%). Moreover, as in the case of glucose, the stated
expanded uncertainty values correspond to the best measurement
capability, in other cases the measurement range is declined as a range
related to the usual concentrations measured. Probably, the fact that
different MU are listed is related to the different approaches for the
estimation of these MU in the various RMS, in agreement with the
GUM.

It is useful to remember that the requirement for being listed for
reference measurement services in the JCTLM database requires an
indication of the measurement uncertainty, the regular participation in
an EQA scheme for calibration laboratories, and accreditation ac-
cording to ISO 15195 and ISO 17025. JCTLM provides also open access
in the database to the affiliation of listed calibration laboratories.
Finally, JCTLM launches regular calls for nomination of reference ma-
terials, methods, and measurement services that can be seen on the
JCTLM webpage, with the last call announced on 9.3.2018 with a
deadline of 30.5.2018.

4. Reference measurement services and evaluation of their
performance

Most of the readers are familiar with EQAS procedures, which are
regularly performed in order to monitor the long-term accuracy of
routine methods. Various EQAS are present worldwide, but none of
them is suited to evaluate the long-term performance of RMPs. In order
to overcome this issue, ten years ago an external quality assessment
scheme for reference laboratories in laboratory medicine was designed,
and it is now regularly available through the JCTLM facility [16]. Es-
sentially, specific ring trials are organized annually on behalf of the
IFCC by the Reference Institute of Bioanalysis (RfB) of the German
Society of Clinical Chemistry and Laboratory Medicine (DGKL) for
several groups of measurands belonging to the categories listed in

Fig. 1. Youden diagram related to an IFCC ring trial for reference laboratories
(RELA 2016) measuring ALT by the IFCC approved reference measurement
procedure. The ALT activities measured on samples A and B are reported on the
x- and y- axes, respectively. Each dot represents the individuals results obtained
in one laboratory, with the expanded measurement uncertainties reported as
rectangular or square areas around. The green area represents the limits of
equivalence of± 5.25% around the overall means. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web
version of this article.)

Fig. 2. Summary of laboratory performance, as from
the Cholesterol Reference Method Laboratory
Network (CRMLN). Mean laboratory imprecision,
expressed as CV (%) (y-axis), against the mean la-
boratory Bias, expressed in % respect to the target
value (x-axis). The desirable performance criteria
of± 1.0%, either for CV than for Bias, are reported
by the area surrounded by the dashed red line. The
results obtained by the individual laboratories are
reported in dots of different colors, together with the
numeric laboratory code. (For interpretation of the
references to colour in this figure legend, the reader
is referred to the web version of this article.)
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Table 1. Laboratories applying reference measurement procedures ac-
cording to ISO 15193 and candidate laboratories which are in-
vestigating a new analytical principle for establishing a reference pro-
cedure are also invited to validate their procedures by participation in
the ring trials.

Two samples with different concentrations of measurands are dis-
tributed to the participants and the obtained results are reported in a
tabulated form or as a Youden diagram, such as the one shown in Fig. 1
related to ALT. The reported reference measurement procedure values
of the participants consist of the concentration value and the estimated

Fig. 3. Reports from the IFCC Network on Standardization of HbA1c related to the second 2016 ring trial (Shanghai-2 study). The differences between the lab's results
and the median of all laboratories in each sample are plotted, together with each lab regression line are plotted in the top plot (Fig. 3a). In the graph at the bottom
(Fig. 3b), systematic and proportional biases derived from the individual regression lines of Fig. 3a are plotted. The labs are represented by dots (MS labs) and
triangles (CE labs). The ellipse encloses the area with labs passing the statistical test (as described in ref. [16]).

A. Mosca, R. Paleari Clinical Biochemistry 57 (2018) 29–36

34



uncertainty. Both are displayed in graphic (Fig. 1) and table (not
shown). Just for comparison, according to the decision to the SD Ex-
ecutive, the limits of equivalence were set to 5.25% of the performance
limits for routine laboratories prescribed by the directive for External
Quality Assurance for routine laboratories in Germany (valid from April
1, 2008). Indeed, almost all of the Reference laboratories participating
to the RELA exercises showed uncertainties well below these limits of
equivalence.

In Table 3 all limits of equivalence for measurands offered in RELA
ring surveys are listed. This list was supposed to be updated and sup-
plemented as soon as new measurands would have been introduced.

Besides this service, to our knowledge very few EQAS for the la-
boratories running the RMPs are available, and we focus here just on
two of them, the first one related to total cholesterol, the second one
related to HbA1c. The cholesterol ring trial is organized by the

Cholesterol Reference method laboratory network at the CDC and asks
the laboratories to measure in duplicate, over two different days, 4
different serum samples. From these data a report is generated (Fig. 2)
showing the imprecision of the various methods respect to the in-
accuracy, reported in terms of bias respect to the values assigned by the
Abell-Kendall method performed internal to the CDC. In this exercise no
attention is given to the uncertainty of the measurements and the ac-
ceptability of the results is judged on the base of the imprecision and
overall bias performance criteria, equal to ≤1.0% and to±1%, re-
spectively.

Finally, with regards to HbA1c, a ring trial has been organized by the
IFCC Network coordinator > 15 years ago and it is regularly per-
formed each year in two exercises per year. In each exercise five in-
tercomparison samples, together with two control samples and six ca-
librators, are distributed. Each laboratory is asked to measure all the
samples in duplicate over two different days, with two separate enzy-
matic digestions, and the data of all intercomparison samples are ex-
amined together. The differences between the results of a lab and the
overall median are plotted against the overall median of the network
labs and from the linear relation the slope (proportional bias) and the
intercept (systematic bias) are calculated. The top part of Fig. 3 reports
the results obtained in the second exercise of 2016 by 21 laboratories
running the RMP for HbA1c, either in the HPLC-MS or in the HPLC-CE
mode. The performance criteria are calculated according to a robust
statistical approach [17] and, in order to pass, the results of each lab
should fall within the ellipse depicted in the bottom part of Fig. 3.
Recently, the criteria have been tightened to an allowable bias of
1.9 mmol/mol at HbA1c 50mmol/mol (i.e. approximately near to the
threshold for the diagnosis of diabetes based on HbA1c). As an example,
the outcome of the intercomparison exercises performed since 2010 is
reported in Table 4. In column 4 the outcome of the combined statis-
tical test is reported per each exercise. In the case of the 2014 exercise,
there was a 99% chance that labs exceeding 10.3 were significantly
deviating from the mean of the group. As can be seen, there has been a
constant increase in the number of laboratories participating to the
IFCC Network trials, and the overall performance has increased during
the years, as proven by a gradual decrease of the critical value. Ap-
parently, the uncertainty issue has not yet incorporated among the
performance criteria of this network (Tables 5 and 6).

5. Conclusions

From the brief survey we have conducted, we have seen that for
some measurands there are several RMPs listed in the JCTLM database.
This is not a limit, on the contrary it is a richness, because there is
absolutely no need to limit the number of RMPs as long as they meet the
criteria of an RMP. For primary RMPs, the decisive factor is that the
analytical measurement principle used allows the development of a
RMP of higher/highest metrological order. If so, then it is quite possible
that there are different, but equivalent RMPs for measurands like
creatinine, glucose, or cortisol. On the contrary, measurands such as
enzymes and HbA1c, however, require a RMP of international conven-
tion, and in order to achieve global standardization, it has been ne-
cessary to establish only one internationally accepted RMP.

With regard to the performance criteria, also in this case there are
different approaches depending on the different ring trials. In the case
of the RELA exercises, we suggest to update the performance criteria,
linked to the German EQAS limits decided ten years ago. In general, it
would be important to define a consensus document for all the ring
trials dedicated to the laboratories running the RMPs.

Within the limits of this work, related to the fact that we have not
examined in details all the RMPs listed in the JCTLM database, and also
to the probability that other ring trials dedicated to the evaluation of
the performance of the RMPs could be present all over the world, we
hope that this work could be useful for industries establishing trace-
ability in compliance with the European Commission Directive for in

Table 5
Measurands and the corresponding Limits of Equivalence, as from the RELA
procedures' manual.

Group Measurand Limits of equivalence, %

Metabolites and substrates Total cholesterol ± 3.25
Total glycerol ± 4.00
Creatinine ± 5.00
Uric acid ± 3.25
Urea ± 5.00
Glucose ± 3.75
Total bilirubine ± 5.50

Electrolytes Sodium ±1.25
Potassium ±2.00
Chloride ± 2.00
Calcium ±2.50
Lithium ±3.00
Magnesium ±3.75

Enzymes ALT ±5.25
AST ±5.25
CK ±5.00
LDH ±4.50
GGT ±5.25
Amylase ± 5.25

Glycated hemoglobins HbA1c ± 4.50
Proteins Total protein ± 2.50
Hormones Aldosterone ± 8.75

Cortisol ± 7.50
Progesterone ± 8.75
Testosterone ± 8.75
Estradiol-17β ±8.75
Estriol ± 7.50
Total thyroxine ± 6.00
Total triiodthyronine ± 6.00
17-OH-progesterone ± 7.50

Therapeutic drugs Digoxin ± 7.50
Digitoxin ± 7.50
Theophylline ± 6.00

Table 6
Outcome of the IFCC network laboratories on standardization of HbA1c in in-
tercomparison studies performed in a 8 years period.

Year N° Combined statistical test N° of labs failed the
criterion

Critical
value

Network
outcome

CIRME a

2010 13 14.3 0.0–10.6 4.5 0
2011 15 14.6 0.0–9.5 0.9 0
2012 17 14.2 0.3–9.4 0.3 0
2013 18 13.6 0.0–9.6 0.5 1 (13.7)
2014 18 10.3 0.1–5.4 0.1 1 (14.5)
2015 19 10.4 0.2–8.5 0.2 2 (19.2, 13.3)
2016 21 10.6 0.1–7.1 1.7 1(11.2)
2017 20 10.5 0.1–7.6 0.8 1 (11.3)

a Laboratory of the authors.
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vitro Diagnostics [18], and for all the laboratory people interested in
metrological traceability.
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