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A B S T R A C T   

Lipid metabolites, beyond triglycerides and cholesterol, have been shown to have vast potential for applications 
in clinical applications, with substantial societal and economical value. To successfully evolve from the current 
research-grade methods to assays suitable for routine clinical applications, a harmonization – if not standardi
zation – of these mass spectrometry-based workflows is necessary. Input on clinical needs and technological 
capabilities must be obtained from all relevant stakeholders, including wet lab scientists, informaticians and data 
scientists, manufacturers, and medical professionals. In order to build bridges between this diverse group of 
professionals, the International Lipidomics Society and its Clinical Lipidomics Interest Group were created. This 
opinion article is intended to provide an overview of international efforts to tackle the issues of workflow 
harmonization, and to serve as an open invitation for others to join this growing community.   

1. Introduction 

The clinical lipidomics field is steadily growing and addresses a wide 
range of diseases from monogenic diseases [1] to complex chronic dis
eases [2–6]. Consequently, the number of research studies, the resulting 
amount of biomedical data, and available predictive models are 
increasing year by year (see Fig. 1). If we are to optimize the trans
lational opportunities arising from these growing resources, we require 
synchronization of efforts to progress the field towards useful clinical 
applications while minimizing unnecessary work [7]. Notable past and 
ongoing global efforts by the lipidomics community include the LIPID 
MAPS initiative, which launched international lipidomics efforts, 
spearheading lipid classification and nomenclature, databases, stan
dards and other resources for the international community in the nearly 
20 years of its existence [8]. The recent £1.3 M Wellcome Trust grant for 
LIPID MAPS allowed the release of new databases, such as the largest 
curated lipid structure database, and powerful informatics resources for 
community use [9]. 

Concomitantly, in recent decades mass spectrometry-based work
flows have become more technically robust and user-friendly, paving 
the way for adoption by routine clinical laboratories and, hence, 
potentially substantially expanding the number of lipids used in di
agnostics beyond cholesterol and triacylglycerols [10–12]. Another 
notable effort in this direction is coordinated by the ‘Lipidomics Stan
dards Initiative’ [13], developing common standards for minimum 
acceptable data quality and reporting for lipidomics data [14]. 

Similar initiatives are driven by the Metabolomics Society and its 
‘metabolite identification’ task group, developing and providing stan
dard reporting tools for inter-laboratory comparisons. Their clinical ef
forts are tackled by two task groups: precision medicine and 
pharmacometabolomics, and metabolomics epidemiology. The preci
sion medicine group seeks to catalyze the engagement of our metab
olomics community in global initiatives in precision medicine [15]. The 
metabolomics epidemiology group’s mission is to promote the growth 
and understanding of metabolomic epidemiology as an independent 
research discipline. Such diversification of efforts became possible 
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because metabolomics analyses have been incorporated into routine 
clinical diagnostics for decades, allowing different research groups to 
focus on more specific research and clinical topics. 

In clinical practice, the next frontier would be to expand from 
currently single lipid markers to multianalyte lipid panels or lipidomic 
readouts, enabling a more comprehensive readout of lipid related 
pathophysiologies, with potential applications in personalized health 
and precision medicine [2,16–22]. However, these emerging opportu
nities require interdisciplinary efforts in order to develop workflows 
with clinical utility, gain wider acceptance and clinical adoption, and 
ultimately deliver improved outcomes for patients. Currently, the 
community is fragmented and largely unaware of each other’s needs and 
capacities; experts from different fields speak different languages. To 
identify the main gaps in our present understanding and capabilities, we 
need a constructive dialogue between representatives of all fields: lip
idomics and biomedical researchers, analytical chemists, representa
tives of regulatory institutions (i.e., FDA, EMA, CLSI), data scientists, 
and, of course, clinicians who identify unmet clinical needs. 

The Achilles’ heel of clinical lipidomics is a lack of harmonization and 
standard reference measurements, a challenge shared with other omics 
technologies and eloquently discussed in a recent Clinical Chemistry 
podcast [23]. 

Harmonization, according to the Cambridge dictionary, is the act of 
making different people, plans, situations, etc. suitable for each other or 
so that they can work together more easily. In the case of clinical lip
idomics, harmonization is not about prescribing ‘the’ best method, but, 
indeed, to understand where the field stands. This could be achieved by 
using the same materials (i.e., shared reference materials) and reporting 
minimal quality standards. Standardization, in its turn, is the process of 
making things of the same type all have the same basic features. In the 
case of clinical lipidomics, standardization would reflect a much more 
stringent and less flexible approach towards the standard operating 
procedures. That said, it is essential to underline that while standardi
zation is seen as essential step towards routine clinical applications, it is 
outside the scope of the current community efforts and will, once 
deemed timely, require collaboration with parties, such as the Centers 
for Disease Control and Prevention, for their laboratory quality assur
ance and standardization programs. 

As an attempt to help coordinate translational efforts in the field of 
clinical lipidomics, the ‘Clinical Lipidomics Interest Group’ (CLIG) 
within the ILS was founded in 2019. Starting with four steering com
mittee members, Michal Holčapek (Czech Republic), Anne K Bendt 
(Singapore), Michael Vogeser (Germany), and Peter J Meikle 
(Australia), in less than two years CLIG has grown to about 100 mem
bers, representing academia, hospitals, core facilities, industries, such as 
mass spectrometer manufacturers, service providers and kit developers, 
and governmental agencies around the world. This opinion article is an 
open invitation to all interested in clinical translation to join this 
growing community. 

The primary goal of CLIG is to drive the translation of lipidomic 
research technologies and relevant findings to clinical laboratories for 
diagnostic and therapeutic purposes. The initial tasks were to: (i) iden
tify bottlenecks in this translation process, (ii) define options to tackle 
these hurdles, and (iii) serve as a resource for the international com
munity. A roadmap for CLIG activities was developed, outlining neces
sary community-based activities to advance progress towards the 
common goal of clinical translation (Fig. 2). 

Due to the Covid-19 pandemic, the typical avenue for community- 
driven initiatives, international conferences, was replaced by monthly 
meetings, with recordings available to all members. During an online 
seminar in October 2020, attended by over 150 participants, the main 
topic of discussion was the challenge of inter-laboratory comparability 
and reproducibility: analytical workflows applied to analyze lipids in 
body fluids and tissues are rarely harmonized and often deliver different 
results [24–26]. This is a particular barrier to the deployment of these 
methods in clinical settings, as it limits not only trust, but the ability to 
develop reference ranges for any lipidomic score or test. Further, the 
results delivered to clinicians and patients need to be correctly deter
mined independent of where or how they were acquired. The planned 
development of reference ranges for lipid species of clinical interest is 
primarily driven by another group within ILS, the ‘Reference materials 
and biological reference ranges’, working closely with CLIG and the 
Lipidomics Standards Initiative. This community recently organized ring 
trials for lipids with demonstrated clinical value: ceramides and bile 
acids. For ceramides, a small panel of four ceramide species plus their 
deuterated internal standards were measured by over 30 laboratories 

Fig. 1. The number of publications dedicated to clinical lipidomics (data from PubMed obtained on January 05, 2022); search term “clinical lipidomics”.  
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worldwide, following a well described protocol and, importantly, using 
shared reference materials provided by NIST [27]. Once published, the 
reported molecular concentrations for these four ceramides in human 
plasma materials will (i) show us how similar values reported by 30 
different labs using the same methods can be, and (ii) serve as a basis for 
the next phase of these international efforts: to quantitate these lipids in 
a variety of diverse populations, with the final goal of determining their 
reference values, a prerequisite for clinical diagnostics. 

A vast variety of analytical configurations are used for mass 
spectrometry-based quantitation of lipids in research settings, but 
simplified and streamlined workflows that are suitable within the re
alities of routine clinical laboratories are necessary to deliver robust and 
reliable data. The same issues apply for sample collection and storage: in 
the absence of commonly agreed upon, harmonized and validated 
methods, the translation of lipidomic results (i.e., biomarker panels) to 
the clinic will be challenging. To tackle these issues, the CLIG proposes 
to establish an international Clinical Lipidomics Platform. In the first 
instance, this includes an inter-laboratory ring trial, to be launched in 
2022. The shared material (human plasma materials) [27] will be 
analyzed by all participating labs, according to well-described mass 
spectrometry-based workflows. This technical phase will include 
analytical method validation according to FDA and EMA guidelines. An 
optimal outcome would constitute the identification of a lipidomic 
profile (i.e., multi-analyte panel) that can be reproducibly measured and 
quantified across laboratories, methodologies, and countries. 

In a second phase, CLIG proposes to launch an inter-laboratory 
biomarker trial to assess the clinical utility of a large lipid panel for 
clinical use. This effort will be driven by identified unmet clinical needs. 

Together, this first ‘technical’ study followed by the second ‘clinical’ 
trial will form the foundation of our overarching goal: to facilitate the 
translation of lipidomic research findings into routine clinical practice. 
Incidentally, computational workflows for data analysis of these ‘clinical 
trials’ are crucially important for the successful identification and vali
dation of such multi-analyte marker panels. Ideally, computational 
method evaluation should, hence, be part of future clinical lipidomics 
ring trials. 

Our goals can only be achieved with the effective interplay of diverse 
stakeholders, collaborating as a team on the various aspects of clinical 
lipidomics, including pre-analytical, analytical, and post-analytical 

challenges. With this opinion paper, we would like to invite medical 
doctors and clinical laboratory experts, analytical chemists, lipid data 
scientists, professionals representing regulatory bodies, mass spec
trometry specialists, manufacturers, and all individuals interested in 
clinical lipidomics to join our group. Achievement of CLIG goals have 
been, and continue to be, only possible thanks to the contributions from 
our partners, which are listed on our webpage https://lipidomicssociety. 
org/shop/. We are extremely grateful for their ongoing support of this 
initiative. 

Over the coming years, CLIG will continue to create a quantifiable 
value for the lipidomics community via various activities. Namely, 
expanding research and educational resources, organizing webinars, 
publishing articles, supporting grant applications and getting new 
research materials tested. To effectively achieve our goals, it is essential 
to involve various groups at all research and clinical process stages, and 
include the end users – patients and the medical experts who care for 
them. We encourage any team or person with interest in clinical lip
idomics to join our collaborative project. We are interested in your 
input, opinion, and expertise. We will support your initiative, so that – 
together – we can bring innovative ideas and projects to life. 
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