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Abstract: Laboratory medicine is faced with rapid de-
velopments in data exchange, secondary use of data and
artificial intelligence. Safe exchange of laboratory data
requires a suitable terminology standard. NPU, LOINC and
SNOMED CT are increasingly used for this purpose, but none
of these terminology standards can currently accommodate
safe exchange across the full spectrum of conventional
laboratory data. Furthermore, rapid technological advances
in, amongst others, the ‘omics’ area will enforce a shift
towards precision diagnostics. These emerging technologies
demand an appropriate and future-proof terminology stan-
dard. Given the current and future challenges in laboratory
terminologies,wehere present a concept for digitalmetrology
in laboratory medicine. Terminology standards used in lab-
oratory medicine should be adjusted to the current state of
science to allow safe data exchange and interpretation.
Essential test information entails the full spectrum of pre-
pre-analysis to post-post-analysis. Major improvements
needed include sufficient coding detail for the molecular
form of the measurand and information on metrological
traceability. Furthermore, especially given the advances in
precision diagnostics, it will become essential to indicate
interrelationships between measurands. Herefore, integra-
tion with established taxonomies would allow improved
identification of interrelationships between measurands
and linkage with scientific information formultidisciplinary
data science. Hence, laboratory data can further gain in
specificity and value. The time has come to lay the basis for
safe data exchange in the era of precision diagnostics, with a

global focus. A consensus for digital metrology in laboratory
medicine will be essential to move forward with health data
exchange within Europe and beyond.

Keywords: metrology; laboratory terminology standards;
emerging technologies; secondary use of data; artificial
intelligence

Introduction

Laboratory medicine is faced with rapid developments in
data exchange, secondary use of data and artificial intelli-
gence (AI). Furthermore, data exchange moves from regional
initiatives to global movements (Figure 1), for instance the
European Health Dataspace (EHDS). Moreover, rapid tech-
nological advances in the ‘omics’ area will enforce a shift
towards precision diagnostics, aiming to stratify patients in
order to precisely diagnose and monitor patients. Current
laboratory terminology systems are not ready to facilitate
these widespread technological advances.

Correct data exchange and interpretation of data from
different sources requires sufficient detail in the data being
exchanged. Developments in precision medicine will result
in growing availability of measurands with different levels
of selectivity. Furthermore, despite significant efforts, stan-
dardization of medical tests is lagging behind, which implies
availability of tests with different levels of standardization.
Laboratory terminology standards and IT systems will need
to develop in order to facilitate the correct identification of
selectivity and standardization level of the measurands.

The European regulation for in vitro diagnostics (IVDR)
demands safe and effective IVD’s. To realize this, a new
clinical evidence requirement has been incorporated in the
IVDR, encompassing the triad of scientific validity, analytical
performance and clinical performance, which is key for
guaranteeing that a medical test is fit-for-clinical-purpose.
Note that analytical performance, including metrological
traceability of test results within allowable measurement
uncertainty, and clinical performance are interdependent
requirements which should be aligned. For enabling

*Corresponding author: Madeleen Bosma, MSc PhD, Department of
Clinical Chemistry and Laboratory Medicine, Leiden University Medical
Centre, Leiden, The Netherlands, E-mail: m.de_geus-bosma@lumc.nl.
https://orcid.org/0000-0003-0547-0100
Christa Cobbaert, Department of Clinical Chemistry and Laboratory
Medicine, Leiden University Medical Center, Leiden, The Netherlands.
https://orcid.org/0000-0003-3565-1404

Clin Chem Lab Med 2025; 63(8): 1486–1493

Open Access. © 2025 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.

https://doi.org/10.1515/cclm-2025-0152
mailto:m.de_geus-bosma@lumc.nl
https://orcid.org/0000-0003-0547-0100
https://orcid.org/0000-0003-3565-1404


exchangeability of medical test results, reference intervals
and clinical decision limits in this digitally connected
world, metrological traceability of test results has become
increasingly important. This requires concurrent digitali-
zation of this information to ensure proper interpretation.

Furthermore, with increasing data exchange between
laboratories and organizations and increased secondary use
of data it becomes essential that all available laboratory
information, originating from the total test process, is coded
uniformly and uniquely. This is in line with the FAIR guiding
principles for scientific data management and stewardship:
Fair, Accessible, Interoperable and Reusable [1]. Terminol-
ogy standards currently used in medical laboratories, like
LOINC, NPU and SNOMED CT do however not allow for
sufficient coding detail, resulting in absent essential infor-
mationwhen data exchange is based on current terminology
standards.

When essential medical test information is lacking due
to data exchange without sufficient detail, this could poten-
tially harm patient care. Additionally, lack of sufficiently
detailed information may affect conclusions of (retrospec-
tive) research studies (secondary use of data) and clinical
decision support (CDS) tools. Developments in AI have
accelerated big data analysis for research and clinical or
epidemiological purposes. Data availability and AI model
development are quickly expanding, but proper data coding

is lagging behind. Next to primary data (laboratory test re-
sults), also properly coded clinical laboratory meta- and
peridata are essential for effective AI model development
and implementation [2]. Metadata is defined as data derived
from the testing process that describe the characteristics and
the requirements that are relevant for assessing the quality
and the validity of the laboratory test results. Peridata is data
facilitating the accurate interpretation of test results (for
example, clinical data and reference intervals) [2]. For safe
and effective CDS, standardized coding and structured data
is indispensable, inadequately coded data harms the effec-
tiveness of CDS and can potentially cause patient harm [3].
Hence, sufficient coding detail across the full spectrum of
laboratory data (primary data, metadata and peridata) is of
utmost importance for innovation and safe patient care.
With the expected exponential growth in clinical data
available per patient, exceeding the human cognitive ca-
pacity, in combination with a trend towards personalized
medicine and holistic approaches, the adoption of AI and
clinical decision support in healthcare will grow, thus
further increasing the need for proper identification and
coding of laboratory data. Here, we present a concept for
digital metrology in laboratory medicine.

Current state of the art of
terminology standards in
laboratory medicine

The most frequently used terminology standards in medical
laboratories for standardized reporting of tests and inter-
pretation are LOINC, NPU and SNOMED CT. Additionally,
regional terminology standards are in use. Current termi-
nology standards are based on measurands conventionally
used in diagnostic laboratories and do not currently facili-
tate exchange of, amongst others, proteoform information.
Furthermore, terminology standards do not optimally
facilitate listing of detailed method information, including
the calibration hierarchy.

LOINC codes medical laboratory test results based on the
system (sample type), component/analyte, method (optional,
e.g. immunoassay, chromogenic activity test or molecular
analysis), property (the quantity, e.g. mass or concentration,
NB: not the specific unit), time (moment in time or time
interval) and scale (the level of measurement, e.g. quanti-
tative or ordinal) [4]. LOINC terms are organized in basic
hierarchies. LOINC codes the component and system in
combination with the measured property and optionally the
method, not the result. Hence, with LOINC, gene variant

Figure 1: Developments in laboratorymedicine and digitalization: from a
local focus to a global outlook. The test portfolio is expanding, while
standardization is lagging behind, resulting in variation in test selectivity
and standardization level. On the other hand, there is an increasing
demand for digitalization and data exchange. The combination of these
challenges underscores the need for digital metrology in laboratory
medicine.

Bosma and Cobbaert: Digital metrology in laboratory medicine 1487



analysis for antithrombin (SERPINC1) can be coded (LOINC
93814-2 or 70107-8), but not the resulting gene variant. The
number of LOINC codes per measurand increases rapidly,
partly due to the desire of laboratory professionals to
include method information. Only the Regenstrief Institute
can assign new LOINC codes. LOINC codes are generated on
request, a basis for sufficient method information per meas-
urand is however lacking. Furthermore, a validated approach
for safe grouping of LOINC codes, i.e. information on which
LOINC codes are sufficiently similar to be grouped, does not
exist. Hence, researchers may group test results with
different LOINC codes without a metrological basis, which
may result in incorrect conclusions. With technological
advances an exponential increase in LOINC codes is
expected, which without a proper grouping strategy will
hamper data exchange and secondary use of data.

NPU codes laboratory test results based on system,
component and unit. The system can be a patient (e.g. body
of a patient), a distinct part of the patient (e.g. blood, cere-
brospinal fluid), or a part of the patient’s surroundings (e.g.,
house dust or drinking water). In contrast to LOINC, NPU
includes themeasurement unit (based on the IUPAC rules on
nomenclature andunits). NPU codes the property of a system
and not the measurement technique. NPU is based on
metrological concepts, for NPU codes with a WHO IU, the
certified reference material (CRM) is stated (this does not
apply to NPU codes with SI units). Like LOINC, NPU offers
codes for gene variant analysis but currently does not offer
the possibility to code protein variant analysis and protein
variant quantification. Furthermore, NPU is a terminology
system without a hierarchy and, like LOINC, no validated
approach exists for identification and grouping ofNPU terms
that can safely be exchanged.

SNOMED CT is a multiaxial nomenclature system
(taxonomy) covering the full spectrum of clinical medicine
[4]. SNOMED CT is based on hierarchical relationships.
SNOMED CT concepts are arranged in different hierarchies
(19 currently). The hierarchy ‘specimen’ specifies the type of
sample, the laboratory result is coded either as ‘observable
entity’ when it regards a precoordinated concept or as ‘sub-
stance’ for so-called post-coordinated concepts, which can be
further specified with attributes [4]. Additionally, also the
hierarchies ‘clinical finding’ and ‘procedure’ may contain
laboratory-derived information. For example, in the hier-
archy ‘procedure’ phenotype determination can be coded
(e.g. apolipoprotein E phenotype determination, 250692007)
and in the hierarchy ‘finding’ the interpretation of a
phenotype can be coded (e.g. finding of apolipoprotein E
phenotype, 365833001). Notably, this phenotype finding is
currently based on genetic testing, while phenotype testing
may also be performed with mass spectrometry/proteomics.

Furthermore, there is no possibility in SNOMED CT currently
to code quantitative proteoform analysis. With SNOMED CT,
preanalytical information (for example the blood draw
location and type of sample) and postanalytical information
(interpretative comments) can be coded.

LOINC and SNOMED CT cooperate, in order to achieve
that LOINC data will be integrated in the SNOMED CT ter-
minology. Unified Code for Units of Measure (UCUM) is the
preferred method for unit expression in combination with
LOINCwithin SNOMED CT [4]. This cooperationwill enhance
standardization of laboratory data. A shortcoming of UCUM
is that it does not display scientific characters such as the
Greek letter, µ, or integer powers. A mapping of LOINC and
SNOMED CT with NPU is to be expected. The combination of
NPU or LOINC with SNOMED CT allows coding from
preanalysis to postanalysis. A major shortcoming of these
terminologies however is the lack of a requirement for
method specification (including measurand intended to be
measured and the ISO 17511-proof calibration hierarchy),
which hampers safe data exchange. Furthermore, these
terminologies are not ready for emerging technologies in the
‘omics’ area.

In conclusion, NPU, LOINC, UCUM and SNOMED CT have
improved standardized reporting of medical laboratory test
information. However, critical test information is currently
lacking and these terminologies are not yet ready for
emerging technologies in laboratory medicine.

Critical test information

Essential test information for safe data exchange and sec-
ondary use of data now and in the future entails the full
spectrum of pre-pre-analysis to post-post-analysis. A sum-
mary of key elements of test information is listed below.

Critical test information

– Preanalytical information, including the blood draw
location, type of sample and the processing of the sample

– Time aspect
– Measurand, molecular form if applicable
– Test result
– Unit (SI system)
– Detailed method information
– Calibration hierarchy (including the certified reference

material, primary reference material and secondary
matrix-based reference material to which test results
are traceable) and allowable measurement uncertainty
(per intended use)
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– Analyzer/application (if relevant)
– Type of operator (for POCT)
– Reference-interval (for non-standardized tests and

when locally validated) or clinical decision limit (CDL)
– (Interpretative) comments (including what has not been

excluded)

The combination of SNOMED CT with LOINC or NPU can
cover the above mentioned elements partly. The main
shortcomings are the lack of sufficient coding detail of the
measurand or the molecular form (selectivity) and metro-
logical traceability (calibration hierarchy). Furthermore,
relationships between measurands can currently only be
indicated at a very basic level. Other aspects could be
addressed in other data fields as meta- or peridata in HL7
(a set of international standards created to facilitate the
exchange of electronic health care data between healthcare
providers).

The basis for precision diagnostics:
nomenclature and taxonomy

The range ofmeasurands in laboratorymedicine spans from
small molecules to cells and from gene variants to proteins
and proteoforms. Across laboratory medicine, technologies
enabling precision diagnostics are expanding and entering
the routine clinical care. Hence, for all these types of ele-
ments terminology standards should facilitate correct
identification of the measurand. We propose to integrate
established nomenclature and taxonomy systems. Nomen-
clature for the name of the element, taxonomy for their
relationships. Furthermore, a solution should be sought for
combinations of conventional techniques with advanced,
more selective methods; a taxonomy should describe their
interrelationship and it should be interpretable which tests
can safely be exchanged and which not.

We will illustrate the need for advances in digital
metrology in laboratory medicine on the basis of a few
examples.

Example 1: essential method information

Creatinine, the cornerstone of renal function monitoring,
can be measured with different methods that differ signifi-
cantly. The Jaffé method is a colorimetric method which is
hampered by interference from pseudochromogens and
other interferences such as bilirubin and glucose. Several
variants of the Jaffé method exist. The Jaffé method is

evidently inferior to the more selective enzymatic methods,
and patients with kidney function loss may be misclassified
with Jaffé methods [5–8]. Jaffé methods should have been
abandoned especially in secondary and tertiary care centers
and in pediatric patients because of potential patient harm.
Nevertheless a significant number of Jaffé using laboratories
remained because of economic reasons (much lower cost of
the Jaffé method compared to the high cost of the enzymatic
method). Next to enzymatic methods, LC-MS tests may be
needed in case of heavily interfered enzymatic creatinine
tests in e.g. icteric liver transplant patients. For creatinine
analyzed with LC-MS a separate LOINC code exists (103616-
9), but the chemical and enzymatic methods are currently
not distinguished within LOINC. In NPU, a separate code
exists for the Jaffé method (NPU01807) and the enzymatic
methods (NPU04998), but no code exists for the LC-MS
method. SNOMED CT offers a procedure code for ‘quantita-
tive measurement of mass concentration of creatinine in
serum or plasma specimen using colorimetric enzyme
technique’ (444207000, see Supplemental Figure 1), which is
linked to the group of creatinine measurements and con-
tains attributes describing the scale type and specimen. An
additional code for the Jaffé (colorimetric non-enzymatic)
method is lacking. Yet, given the hierarchical orientation of
SNOMED CT and the possibilities to add further details by
attributes, this design does offer the possibility to distinguish
between methods and potentially calibration information
with the possibility to list interrelationships. For SNOMED
CT, NPU and LOINC applies that codes are mainly created on
request, which may explain the lack of completeness.

In case of highly heterogenous measurands, method
information is also highly relevant. An intriguing example is
apolipoprotein(a) in lipoprotein(a) (Lp(a)), the former being
characterized by a KIV type 2 size polymorphism and a
variation in molecular mass from 280 to 850 Da. These pro-
tein characteristics in combination with the use of poly-
clonal immunoassays made that Lp(a) test results were
confounded andmasked the associationwith coronary heart
disease, stroke and peripheral arterial disease [9–11]. Due to
overlooking this confounding factor, clinical researchers lost
interest in Lp(a), a very relevant genetic pro-thrombotic, pro-
atherogenic and pro-inflammatory risk factor, for almost 2
decades. Lp(a)’s renaissance came when GWAS and Mende-
lian randomization studies confirmed its causality with
myocardial infarction, stroke and peripheral arterial disease.

A third example is related to the secondary use of test
results from the electronic health record (EHR) of patients. If
software tools like LiverPro are developed for detecting and/
ormonitoring liver fibrosis [12, 13] it is of utmost importance
that the test results that are used in this software tool are
either standardized and exchangeable among participating
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hospitals, ormethod information is included so that tools can
be adjusted to the specific method used locally. If this is not
guaranteed, these software tools and scores will be
misleading and harmful for patients and caregivers.

In summary, LOINC, NPU and SNOMED CT all lack
completeness and need optimization when it comes to cod-
ing of essential method information on creatinine and Lp(a)
results in order to judge equivalence.

Example 2: calibration hierarchy

Commercial assays for serum ferritin are calibrated against
different WHO international standards. These differences in
calibration hierarchies have introduced a significant bias
[14]. Therefore, rather than following clinical decision limits
from clinical guidelines, clinicians should base their inter-
pretation of ferritin data on locally verified reference ranges
and clinical decision limits. This is possible within hospitals,
but when ferritin data is exchanged between hospitals or is
included in research projects, it will be essential to include
the information on metrological traceability. Within the
NPU system, different codes are available for the different
WHO international standards: IS 80/578 (NPU29748), IS
80/602 (NPU28969), and IS 94/572 (NPU28586). The possibility
to include information on the metrological traceability,
including the reference material, does currently not exist in
LOINC and SNOMED CT.

Terminology standards should adapt to the current state
of science and practice in metrology, ISO 17511 compliant.
Evolution tomatrix-based secondary referencematerials that
are commutable should be enabled. For non-standardized
methods terminology standards should facilitate inclusion of
calibration hierarchy information. For laboratory tests that
are sufficiently standardized, a label could be generated that
indicates that these tests are sufficiently comparable for safe
exchange.

Example 3: the molecular form(s) of the
measurand(s)

Developments in the area of quantitative proteomics have
great potential to enhance precision diagnostics. Quantita-
tive proteomics using LC-MS has excellent molecular selec-
tivity and hence allows analysis of proteoforms; the range of
different structures of a protein product of a single gene,
including variations in amino acid sequence and post-
translational modifications (Forgrave et al., 2022). Specific
proteoforms may be linked to disease and risk for disease
and/or disease activity. For example, specific antithrombin

proteoforms are associated with lack of heparin-binding
properties (Kruijt et al. 2023) and specific apolipoprotein E
isoforms are associated with risk for cardiovascular disease
and Alzheimer’s disease (Reijnders et al., 2024). The driver
for implementation of precision diagnostics is the clinical
need/clinical gap in the care pathway. Only when proteo-
form analysis has clinical value and delivers actionable
results, precision diagnostics has a place in patient care.
Hence, conventional laboratory medicine tests will remain
cornerstone tests of patient follow-up, supplemented with
precision diagnostics.

Due to marked technological improvements in the field
of proteomics, bottom-up and top-down approaches in
analysis of proteoforms, the human proteoform database is
growing [15]. In parallel, LC-MS techniques become better
suitable for implementation in routine clinical laboratories.
Fully automated analyzers have become available for small
molecules, therapeutic drug monitoring (TDM) and for some
proteoforms. Hence, an expansion in proteoform analysis is
expected in the nearby future in clinical care. Furthermore,
with increasing data availability and secondary use of data it
becomes essential that protein measurands are coded uni-
formly and uniquely to guarantee proper data exchange.
Current terminology standards (SNOMED CT, LOINC and
NPU) do not facilitate proteoform coding but should be
enabled to accommodate the evolution to more refined
molecular measurands and selective, properly calibrated
tests.

UniProtKB is the leading database for functional protein
data. It contains information on protein structure, protein
function, proteoforms and clinical relevance. Proteins have
a unique protein identification number and proteoforms
representing different protein isoforms coming from alter-
natively spliced transcripts have their own unique protein
identifiers in UniProtKB. UniProtKB has adopted the FAIR
principles for scientific data management and stewardship
[16]. Furthermore, UniProtKB links to a range of other rele-
vant databases with gene and protein information, like the
NCBI snpDB, the dominant database for single-nucleotide
polymorphisms. Additionally, UniProtKB identification is
frequently used in other scientific disciplines. Hence,
UniProtKB can serve as a bridge between clinical data and
scientific information, thus facilitating multidisciplinary
research, which is expected to grow since combined data has
the potential to provide new insights. For example, envi-
ronmental (exposome) data could be combinedwithmedical
data to obtain insights into environmental risk factors. In
NPU, all proteins are defined and termed according to Uni-
protKB, protein variant data is however currently lacking.
UniprotKB has the potential to enhance current laboratory
terminologies to facilitate coding of proteomics data. To
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Table : Clinically relevant type II mutations of antithrombin affecting antithrombin activity. The list is based on Ruhaak et al.  [] supplemented
with newly added variants/proteoforms listed in UniProtKB. UniProtKB protein ID: P · ANT_HUMAN. Additional information on variant was copied
from the UniProtKB database (field: variant description). All variants are associated with antithrombin deficiency (ATD) type II (exceptions where variants
are also associatedwith type I are indicated). Additional variant description is listed in the Table. Date of data extraction: September th, . NB: genetic
variants do not always have a unique NCBI snpDB (e.g. a and b), yet they do have unique UniProtKB variant IDs.

No. AA
no.

Mutation NCBI snpDB UniProtKB Variant description Additional information on variant

  I→R rs VAR_ Rouen- Lack of heparin-binding properties
  C→F N.A. VAR_ N.A. N.A.
  R→C rs VAR_ Rouen- Lack of heparin-binding properties
  P→L rs VAR_ N.A. Lacks heparin-binding ability.
a  R→C rs VAR_ Tours/Alger/Amiens/Toyama/Paris-/

Paris-/
Padua-/Barcelona-/Kumamoto/Omura/
Sasebo

Lacks heparin-binding ability.

b  R→S rs VAR_ Rouen- Lack of heparin-binding properties
c  R→H rs VAR_ Rouen-/Padua-/Bligny/Budapest- Lack of heparin-binding properties
  P→S N.A. VAR_ N.A. Severely decreased antithrombin activity
  G→D N.A. VAR_ N.A. N.A.
a  L→F rs VAR_ Budapest-/Budapest- N.A.
b  L→V N.A. VAR_ Southport N.A.
  K→E rs VAR_ Dreux Complete loss af heparin binding
  T→A rs VAR_ N.A. N.A.
  S→P rs VAR_ Nagasaki Defective heparin binding associated with

thrombosis
  Q→P rs VAR_ Vienna N.A.
  R→Q rs VAR_ Geneva N.A.
  S→P rs VAR_ N.A. N.A.
  Y→C rs VAR_ In ATD type-I and -II; Whitechapel N.A.
  I→N N.A. VAR_ N.A. N.A.
a  N→D rs VAR_ Rouen- Increases affinity for heparin
b  N→K N.A. VAR_ Glasgow- N.A.
  V→G N.A. VAR_ N.A. N.A.
  E→K rs VAR_ Truro Increases affinity for heparin
a  M→I rs VAR_ N.A. N.A.
b  M→V N.A. VAR_ N.A. N.A.
  R→P N.A. VAR_ N.A. N.A.
  I→N N.A. VAR_ Haslar/Whitechapel N.A.
  E→K N.A. VAR_ N.A. N.A.
  H→R N.A. VAR_ N.A. N.A.
  A→T rs VAR_ Hamilton/Glasgow- Reduces interaction with thrombin by %
  A→S rs VAR_ Cambridge- N.A.
  G→D rs VAR_ Stockholm N.A.
a  R→C rs VAR_ N.A. N.A.
b  R→H rs VAR_ Glasgow/Sheffield/Chicago/Avranches/

Kumamoto-
Increases affinity for heparin; deprived of inhibitory
activity.

c  R→P rs VAR_ Pescara Deprived of inhibitory activity
  S→L rs VAR_ Denver/Milano- Deprived of inhibitory activity
a  F→C rs VAR_ Rosny N.A.
b  F→L N.A. VAR_ Maisons-Laffite N.A.
c  F→S N.A. VAR_ Torino N.A.
  A→T rs VAR_ Oslo/Paris- N.A.
  N→K rs VAR_ La Rochelle N.A.
a  R→G N.A. VAR_ In ATD type I and type-II N.A.
b  R→M N.A. VAR_ Kyoto N.A.
a  P→A rs VAR_ N.A. N.A.
b  P→L rs VAR_ Utah Deprived of inhibitory activity
c  P→T rs VAR_ Budapest- N.A.
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illustrate the richness of UniProtKB data, Table 1 lists the
UniProtKB protein variant identifiers related to anti-
thrombin (UniProtKB protein ID: P01008 · ANT3_HUMAN), a
protein for which a multiplex LC-MS/MS assay was devel-
oped in our group [17].

Given the taxonomy structure, broad scope and wide
usage internationally, we argue that a promising design
would be an extension of the current SNOMED CT ontology
(including the integration of LOINC codes, possibly mapped
with NPU) in combination with UniProtKB identifiers for
protein and proteoform identification. Hence, protein
variant data can be added and hierarchical relationships
(i.e. “parent-child” relationships for proteins and proteo-
forms) can be integrated. This is in linewith developments in
the area of pathology, where a management plan for mo-
lecular pathology sequence data involving SNOMED CT,
LOINC and Human Genome Variant Society nomenclature
(HGVS) was presented [18, 19]. However, unlike genetic
identification, quantification is also an element of the anal-
ysis in proteomics. Hence, for proteomics additional exten-
sion of the model would be necessary.

By creating different hierarchical levels, the level of
specification of the measurand can be indicated. Hence, im-
munoassays in which a mixture of proteoforms is measured
should receive a different code level as compared to assays
(like mass spectrometry) where specific proteoforms are
measured. Hence, the hierarchy ‘substance’ should be sup-
plemented with a secondary hierarchy to be used to specify
the specific proteoform.

While UniProtKB allows protein variant coding, post-
translational modification (PTM) is listed in the UniProtKB
database but is not coded (yet). UniProt states that assigning
identifiers for PTM is complicated, since they may include
crosslinks involving more than one residue either within or
between proteins. Coding single residue PTMs however, like
the clinically relevant glycosylation of antithrombin at
position Asn-167 (β-antithrombin, in contrast to the more
abundant α-antithrombin, lacks the glycan at position Asn-
167 and is more active than α-antithrombin owing to its
increased affinity for heparin) [20], does seem feasible and
will hopefully be implemented in the UniProtKB database.

Where UniprotKB is a promising candidate taxonomy
for protein and proteoform information, established scien-
tific databases for other types of measurands, for example
the NCBI gene database for gene variants, should be inte-
grated for other measurands, where relevant. This will
facilitate correct identification of the measurand and its
interrelationships with other measurands, as well as links
with scientific information, which will enhance secondary
use of data.

Conclusions

Given the fast technological advances and the global demand
for data exchange, secondary use of data and CDS, termi-
nology standards used in laboratory medicine should be
adjusted to allow unequivocal digital data exchange and
interpretation. The major improvements needed concern
sufficient coding detail regarding the molecular form(s) of
the measurand and sufficient information on metrological
traceability. Furthermore, with integrated diagnostics
looming on the horizon, where laboratory test results are
combined with imaging and pathology data coupled with
advanced information technology, and the emerging tech-
nologies that enter routine clinical care, it will become
essential to identify the interrelationships between meas-
urands. Herefore, integration with established taxonomies
like UniprotKB would allow improved specification of the
measurand and its interrelationships and linkage with sci-
entific information for multidisciplinary data science. The
time is now to build the era of precision diagnostics and
software tools, with a global rather than a local or national
focus. A global and standardized approach for digital
metrology in laboratory medicine will be essential to enable
health data exchange within Europe and beyond.
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Table : (continued)

No. AA
no.

Mutation NCBI snpDB UniProtKB Variant description Additional information on variant

  L→P rs VAR_ N.A. N.A.
  R→T N.A. VAR_ N.A. N.A.
  P→L rs VAR_ Budapest N.A.

N.A., not available.

1492 Bosma and Cobbaert: Digital metrology in laboratory medicine



Author contributions: All authors have accepted re-
sponsibility for the entire content of this manuscript and
approved its submission.
Use of Large Language Models, AI and Machine Learning
Tools: None declared.
Conflict of interest: The authors state no conflict of interest.
Research funding: None declared.
Data availability: Not applicable.

References

1. Wilkinson MD, Dumontier M, Aalbersberg IJ, Appleton G, Axton M,
Baak A, et al. Comment: the FAIR Guiding Principles for scientific data
management and stewardship. Sci Data 2016;3:160018.

2. Padoan A, Cadamuro J, Frans G, Cabitza F, Tolios A, De Bruyne S, et al.
Data flow in clinical laboratories: could metadata and peridata bridge
the gap to new AI-based applications? An investigation on behalf of the
European Federation of Clinical Chemistry and Laboratory Medicine
(EFLM)Working Group on Artificial Intelligence (WG-AI). Clin Chem Lab
Med 2024;63:684–91.

3. Plebani M, Cadamuro J, Vermeersch P, Jovičić S, Ozben T, Trenti T, et al.
A vision to the future: value-based laboratory medicine. Clin Chem Lab
Med 2024;62:2373–87.

4. Bietenbeck A, Boeker M, Schulz S. NPU, LOINC, and SNOMED CT: a
comparison of terminologies for laboratory results reveals individual
advantages and a lack of possibilities to encode interpretive
comments. J Lab Med 2018;42:267–75.

5. Drion I, Cobbaert C, Groenier KH, Weykamp C, Bilo HJ, Wetzels JF, et al.
Clinical evaluation of analytical variations in serum creatinine
measurements: why laboratories should abandon Jaffe techniques.
BMC Nephrol 2012;13:133.

6. Delanghe JR, Cobbaert C, Harmoinen A, Jansen R, Laitinen P,
Panteghini M. Focusing on the clinical impact of standardization of
creatinine measurements: a report by the EFCC working group on
creatinine standardization. Clin Chem Lab Med 2011;49:977–82.

7. Cobbaert CM, Baadenhuijsen H, Weykamp CW. Prime time for
enzymatic creatinine methods in pediatrics. Clin Chem 2009;55:
549–58.

8. Weykamp C, Kuypers A, Bakkeren D, Franck P, Loon DV, Gunnewiek JK,
et al. Creatinine, Jaffe, and glucose: another inconvenient truth. Clin
Chem Lab Med 2015;53:e347–9.

9. Ridker PM, Stampfer MJ, Rifai N. Novel risk factors for systemic
atherosclerosis. JAMA 2001;285:2481–5.

10. Ridker PM, Stampfer MJ, Hennekens CH, Women’s Hospital B. Plasma
concentration of lipoprotein(a) and the risk of future stroke. JAMA 1995;
273:1269–73.

11. Ridker PM, Hennekens CH, Stampfer MJ. A prospective study of
lipoprotein(a) and the risk of myocardial infarction. JAMA 1993;270:
2195–9.

12. Lindvig KP, Thorhauge KH, Hansen JK, Kjærgaard M, Hansen CD,
Johansen S, et al. Development, validation, and prognostic evaluation of
LiverPRO for the prediction of significant liver fibrosis in primary care: a
prospective cohort study. Lancet Gastroenterol Hepatol 2025;10:55–67.

13. Åberg F, Männistö V. The promise of automated liver disease risk
stratification in primary care. Lancet Gastroenterol Hepatol 2025;10:
5–7.

14. Braga F, Pasqualetti S, Frusciante E, Borrillo F, Chibireva M,
Panteghini M. Harmonization status of serum ferritin measurements
and implications for use as marker of iron-related disorders. Clin Chem
2022;68:1202–10.

15. Smith LM, Agar JN, Chamot-Rooke J, Danis PO, Ge Y, Loo JA, et al. The
human proteoform project: defining the human proteome. Sci Adv
2021;7:eabk0734.

16. Garcia L, Bolleman J, Gehant S, Redaschi N, Martin M, Bateman A, et al.
FAIR adoption, assessment and challenges at UniProt. Sci Data 2019;6:
175.

17. Ruhaak LR, Romijn FPHTM, Smit NPM, Van Der Laarse A, Pieterse MM,
De Maat MPM, et al. Detecting molecular forms of antithrombin by LC-
MRM-MS: defining the measurands. Clin Chem Lab Med 2018;56:
1704–14.

18. Campbell WS, Karlsson D, Vreeman DJ, Lazenby AJ, Talmon GA,
Campbell JR. A computable pathology report for precision medicine:
extending an observables ontology unifying SNOMED CT and LOINC. J
Am Med Inf Assoc 2018;25:259–66.

19. Campbell WS, Carter AB, Cushman-Vokoun AM, Greiner TC, Dash RC,
Routbort M, et al. A model information management plan for
molecular pathology sequence data using standards: from sequencer
to electronic health record. J Mol Diagn 2019;21:408–17.

20. Kruijt M, Treep MM, Cobbaert CM, Ruhaak LR. Antithrombin diagnostics
by mass spectrometry: development and analytical validation of a next-
generation test. Res Pract Thromb Haemost 2023;7:100079.

Supplementary Material: This article contains supplementary material
(https://doi.org/10.1515/cclm-2025-0152).

Bosma and Cobbaert: Digital metrology in laboratory medicine 1493

https://doi.org/10.1515/cclm-2025-0152

	Digital metrology in laboratory medicine: a call for bringing order to chaos to facilitate precision diagnostics
	Introduction
	Current state of the art of terminology standards in laboratory medicine
	Critical test information
	Critical test information

	The basis for precision diagnostics: nomenclature and taxonomy
	Example 1: essential method information
	Example 2: calibration hierarchy
	Example 3: the molecular form(s) of the measurand(s)

	Conclusions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


