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Abstract The rapid increase in lipidomic studies has
led to a collaborative effort within the community to
establish standards and criteria for producing, doc-
umenting, and disseminating data. Creating a dy-
namic easy-to-use checklist that condenses key
information about lipidomic experiments into com-
mon terminology will enhance the field's consistency,
comparability, and repeatability. il Here, we describe
the structure and rationale of the established Lip-
idomics Minimal Reporting Checklist to increase
transparency in lipidomics research.

lipid metabolism -«
reference

Supplementary key words checklist -
lipidomics + mass spectrometry « metabolomics -
standards « FAIR « quality control

A rapidly growing interest in lipidomics necessitates
harmonizing experimental data reporting, including
both metadata and raw/actual data, to ensure trans-
parency, comparability, repurposing, and confidence in
lipidomics data (1). Furthermore, the complexity and
nuances of lipidomics require detailed experimental
settings to enable researchers to reproduce and assess
the applicability of reported methods. In lipidomics,
data processing is a critical component of the process,
which includes lipid identification and quantification
using mass spectrometry alone or in combination with
chromatography. This is especially important in the
context of automated lipid annotation by search algo-
rithms, as they may incorrectly annotate and interpret
experimental data (2).

The community is making efforts to standardize lipid
nomenclature (3) and raise awareness of the capabilities
of different mass spectrometry platforms for lipid
structural elucidation (4). These steps are important for
achieving 'Findable, Accessible, Interoperable, and
Reusable' (FAIR) data (5). However, to achieve FAIR
data reporting, in principle, a standardized reporting of
the entire lipidomics workflow is required, describing
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Fig. 1. Scope and aim of the lipidomics reporting checklist.
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the samples analyzed, experimental and data analysis
methods as well as quality control and reporting of the
data. The recently introduced Lipidomics Minimal
Reporting Checklist (6) helps to close this gap in
implementing the FAIR principles in lipidomics
research, addressing mainly interoperability and reus-
ability. The checklist's scope is described below, along
with an explanation of how this information will be
utilized to fulfill the FAIR principles and ensure the
quality of lipidomic datasets. Importantly, the use of the
checklist is currently limited to mass spectrometry-
based analysis and should not be limited to lipidomics
workflows, but can also include metabolomics work-
flows covering lipid molecules.

AIM AND CONCEPT OF THE REPORTING
CHECKLIST

The Lipidomics Minimal Reporting Checklist (6) has
been established and is continuously curated by the
Lipidomics  Standard  Initiative  (LSI,  https:;//
lipidomicstandards.org/) (1), an interest group affili-
ated with the International Lipidomics Society (ILS,
https://lipidomicssociety.org/). The checklist (version
24.0) is based on consensus-driven guidelines for lip-
idomics implemented in a publicly available web-based
questionnaire (https://lipidomicstandards.org/
reporting_ checklist/). Its main purpose is to describe
all essential steps of lipidomic experiments in a stan-
dardized way (Fig. 1). The primary checklist output, a
PDF document, is intended to assist editors and referees
in reviewing research studies containing lipidomic data.
In a second step, this report can be made publicly
available under a Digital Object Identifier (DOI).
Although PDF reports could be made available in the
supplementary material of individual studies, it is
preferable to include the DOI of the report in the final
publication, making it available to readers and ensuring

Permanent
Checklist report

PDF Checklist
report

Submit checklist Manuscript DOI
PDF with link contributes
manuscript to FAIR
to assist data handling

review processes
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findability and accessibility (5). We note that the
checklist can also be viewed as a guideline on ‘good
lipidomics practice’ for both new and experienced
lipidomic investigators.

Registration is required to access the interactive
checklist document, allowing for archiving and future
revision. Note that this account is only required for
generating and maintaining checklists and is not
required to have an ILS membership to register. The
users are guided through the entire framework in
eight steps. To maximize usability, sections and input
fields have drop-down options with common answers
and additional explanations, including links to refer-
ences or literature. There are several options for
checklist reports: 1) Update to change the report. 2)
Copy to reuse the report in another study. 3) Down-
load a PDF of the report. 4) Publish the report to get a
DOI at Zenodo (once published, it is not possible to
modify or delete such permanent reports). 5) Dump
the report in JSON (JavaScript Object Notation)
format. In addition to reusing the entire report, users
can also reuse parts of the report, such as sample
handling data and lipid class identification/quantifi-
cation data, for another lipidomics experiment (see
steps 2 and 5).

Step 1: registration and workflow selection

To generate a reporting checklist for a lipidomic
study, a user first provides basic information that in-
cludes the study title, name, institution, and email
address. This is followed by specifying if the analysis
was targeted or untargeted, and whether it is consid-
ered clinical lipidomics (Fig. 2). These definitions are
necessary to evaluate the workflow, as clinical lip-
idomics, for example, require more stringent criteria

No Yes

No Yes

Fig. 2. Outline of lipidomics workflow.
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than screening approaches or studies in biological
model systems.

Clinical lipidomics refers to studies on human sam-
ples, typically blood plasma/serum, obtained from
different patient cohorts using a quantitative and vali-
dated method (7). It refers not only to studies using a
clinical diagnostic method (ie, a method validated for
patient diagnosis according to specific regulatory
guidelines) but also to studies aimed at developing and
validating lipids for clinical applications. Such lipid data
are derived from lipidomic analysis but not from sim-
ple diagnostic tests such as enzymatically determined
triglycerides, and LDL/HDL cholesterol.

A checklist for workflows based on imaging mass
spectrometry is currently under development and will
be the subject of a future report.

Step 2: sample overview and preanalytics

In this section, the user enters the sample material
(eg. blood plasma, cells, tissue, plants, food, etc.),
collection methods and storage, as well as additional
steps are taken to stabilize the targeted lipids.

The lipidome in biological matrices is susceptible to
changes, primarily through oxidation and enzymatic
activity, as well as chemical degradation (8, 9) (see
Fig. 3). These processes can be mitigated through
physical and/or chemical treatments. Very low tem-
peratures (eg —80°C) are very effective in blocking such
processes (8). Therefore, details regarding temperature,
time for initial sample handling, storage, and freeze/
thaw cycles may be provided as optional.

Additional precautions may be required for sample
material with high enzymatic activities. For instance,
liver homogenates containing 50% methanol still
exhibit high lipolytic activity, resulting in a significant
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Fig. 3. Preanalytics, sample handling and preservation.

increase in ceramide and lysophospholipids (10). It has
been reported that the addition of phenyl-
methanesulfonyl fluoride (PMSF) to plasma inhibits
lipolytic activity (11). In plant material, a high phos-
pholipase D (PLD) activity that generates phosphatidic
acid (PA) can be inhibited by heat treatment in iso-
propanol (12). The application of heat was found to
disrupt the activity of phospholipases in sample
matrices of plant origin (13).

Careful sample handling is crucial when analyzing
low-abundant and potentially bioactive lipids, such as
lysophospholipids and oxygenated fatty acids. This is
particularly important because lipid oxygenation can
occur not only by enzymatic reactions but also by
chemical reactions with radicals and can be induced by
light and heat (14, 15). To prevent artifactual oxidation,
radical scavengers such as butylated hydroxytoluene
(BHT), and metal chelators (e.g. EDTA) can be added,
or samples can be stored under an inert gas, typically
nitrogen or argon, to reduce the presence of oxygen
(8, 9, 15).

When reporting on preanalytics for certain sample
types, it is important to provide additional details, eg the
time required for plasma/serum separation (16),
whether tissues were perfused prior to collection to
remove circulating lipids, or which solvent was used to
homogenize solid samples (17).

A given study may contain multiple sample sets
collected and preserved under different conditions. For
convenience, sample set details are stored online,
accessible only by the owning user, and can be selected
for the current or be reused in future workflows (see
“Tips and tricks for completing the checklist” for
detailed description).

Step 3: lipid extraction

Step 3 provides details of the lipid extraction method,
which is a crucial step in any lipidomic experiment (9).
The primary aim of extraction is to isolate the lipids of

4 . Lipid Res. (2024) 65(9) 100621

Additives

Sample Inert gas

reservation? . T
P Heat inactivation

Instant sample
preparation

interest from a sample while removing other macro-
molecules such as peptides, proteins, sugars and inor-
ganic components, such as salts, that may interfere with
analysis by MS.

Lipids are commonly extracted using either 1-phase
or 2-phase extraction methods. In 1-phase extractions,
a supernatant is separated from a precipitate by
centrifugation. In 2-phase extractions, an organic (non-
polar) phase is typically recovered from a polar
(aqueous) phase, resulting in a purified extract. Both
methods rely on the principle of 'like dissolves like!,
which means that nonpolar substances are more soluble
in nonpolar solvents, while polar and ionic substances
are more soluble in polar solvents (Fig. 4). Therefore,
the careful selection of extraction solvents is important
in relation to solubility. For example, non-polar lipid
classes such as triglycerides and cholesteryl esters are
almost completely lost during methanol precipitation
due to their low solubility (18).

Solid-phase extraction, which can provide selective
retention and elution of lipids from a stationary phase,
can be used to isolate specific lipid classes. In the
checklist, if the 'Other extraction method' option is
selected, then this alternative method should be speci-
fied, ideally with a DOI referring to the extraction
protocol.

Extraction and recovery of lipids from biological
samples may be influenced by pH. For example, the
recovery of acidic lipids in organic solvents may in-
crease at low pH. A citric acid-buffered butanolic
extraction (pH of 4) has been shown to increase the
recovery of lysophosphatidic acid (19).

It is also important to note whether appropriate in-
ternal standards, (e.g., stable isotope, odd carbon acyl
chain) were added to the samples prior to lipid
extraction. The addition of internal lipid standards
prior to extraction is required if quantitative mea-
surements are performed as they correct for variations
in recovery between samples.

SASBMB
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Fig. 4. A:Methods and conditions applied for lipid extraction. B: Solubility and recovery in lipid extractions are determined by the
polarity of the lipids and solvents. Solvents (polarity index) and lipid classes are ordered by increasing polarity (gray triangle).

Finally, details of sample derivatization, if applicable,
are also collected in this section.

Step 4: analytical platform

This section summarizes the analytical methods used
in the respective workflow including details about
separation techniques (if applied), mass spectrometric
analysis, and potential additional separation techniques
(Fig. 5).

Natural lipidomes can comprise thousands of
different molecules (20), making the separation of
such complex mixtures a significant challenge during
analyses. The choice of analytical method can
dramatically influence the number of lipids detected
(Fig. 6). When separation techniques are applied, it is
important to specify the type, such as gas (GC) or liquid
chromatography (LC), as well as its selectivity mode

Separation

No / Direct infusion Low Resolution

High resolution

Yes / Type of separation
Acurate mass

Mass resolving power

Fig. 5. Definition of the analytical platform.
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(21). Polar selectivity, typically normal phase (NP) (22)
or hydrophilic interaction liquid chromatography
(HILIC) (23) separates lipid classes based on their polar
components, such as head groups, while reversed-
phase liquid chromatography (RPLC) (24) separates
lipid mixtures based on their nonpolar moieties, usu-
ally their acyl chains.

Most lipidomic workflows utilize mass spectrometry
for analysis. Therefore, the checklist includes infor-
mation on instrument type and manufacturer, ion
source, level of analysis (i.e., MS!, MS? and MSg), and the
applied resolving power of the mass spectrometer
(usually specified in the MS method for mass m/z 200 or
400). The latter can be used to distinguish isobaric
species, which are ions with the same nominal mass but
not exact elemental composition. Examples of isobaric
overlaps (see also https://lipidomicstandards.org) are

MS level Additional techniques

lon mobility

UVPD

0zID

<5
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Fig. 6. Reducing the complexity of the lipidome using mass spectrometry and separation-based analysis. For this computational
experiment, all phospholipids, sphingolipids, sterols, and free fatty acids from LIPID MAPS (46) were considered. Here, PC 16:1_18:0
serves as a reference. For computing precursor masses, combinations of both lipid class common adducts and up to two '*C isotopes
were taken into consideration. Interfering lipids are lipids that share the same set of features (mass-to-charge ratio; m/z) with the
reference lipid within a given mass tolerance. Features are: positive/negative precursor ions, positive fragment ions m/z 184.07 (head
group HG), negative fragment ions at m/z 255.23 (fatty acyl FA;) and m/z 281.24 (FA,). With increasing resolution and pre-separation
the number of interfering lipids clearly can be reduced. Separation in the reversed phase is related to the lipophilicity or hydro-
phobicity of the compound displayed as a logP value.

given in Fig. 7. In lipidomics, important isobaric in-
terferences include the Type-II isotopic overlap (mass
difference of 9 mDa) occurring in double bond series

within the same lipid class, and the ambiguity resulting
from different bond types in lipids with a glycerol-
backbone (mass difference of 36 mbDa) (Fig. 7).
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Fig. 7. Sufficient mass resolving power (R) can separate isobaric overlaps that are commonly present in lipidomic analysis, such as

(A) Type-II overlaps occurring for double bond series and (B) isobars resulting from different bond types as seen for diacyl PC 16:0/
171 and alkyl/acyl PC O-16:1/18:0.
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Notably, the mass resolution is not only dependent on
the type of analyzer but can also be related to m/z
While the resolving power of Orbitrap analyzers de-
creases with the square root of m/z it remains constant
for time-of-flight (TOF) analyzers. Thus, Type-II over-
lap may be resolved for lysophospholipids but not for
triglycerides in a regular medium-resolution Orbitrap
spectrum, and the ratio of overlapping isobars may also
affect their peak resolution (25).

Isomeric ions that have the same elemental compo-
sition cannot be distinguished by their m/z values.
Therefore, tandem mass spectrometry (MS?) is often
used to differentiate between lipid classes and/or acyl
chains by their respective product ions. When using
MS? or MS?, it is important to specify the width of the
isolation window. A wider isolation window (eg, greater
than +0.5 m/z) substantially increases the number of
co-isolated ions. Mass spectrometer manufacturers
typically recommend using wider isolation windows to
increase sensitivity at the risk of reduced analytical
specificity.

Additional analytical dimensions, such as ion
mobility spectrometry (IMS), gas phase reactions like
ozone-induced dissociation (OzID) (26) and ultraviolet
photodissociation (UVPD) (27), or derivatization re-
actions like Paterno-Biichi (PB) (28), can enhance the
structural resolution of the workflow (Fig. 8). Details on
these additional dimensions are collected in the
following section.

For convenience, identification and quantification
details are stored online and can be selected or copied

o o
+ | 1

(see “Tips and tricks for completing the checklist” for a
detailed description).

Step 5: lipid identification and quantification

This section aggregates all information on how the
reported lipids were identified and quantified. Anno-
tation of the lipids is based on the latest version of the
shorthand notation for MS-derived lipid structures (3)
(for wupdates, see also https:;//www.lipidmaps.org/
shorthand_nomenclature), which includes hierarchi-
cal architecture to reflect only structural details pro-
vided by mass spectrometric analysis (Fig. 8). The
information in this section is crucial to examine the
fidelity of lipid identification and quantification accu-
racy of the reported data.

A key principle of lipid identification is that the
annotation of the lipid should provide only those
structural details that are supported by the analytical
method. For example, high-resolution MS' with accu-
rate mass or detection of a lipid class-specific fragment
in MS? only allows annotation at the lipid species level
(ie, the sum of the composition of the variable com-
ponents). Annotation at the molecular lipid species level
requires additional information on the variable com-
ponents, typically the acyl chains. It is recommended to
report such fragment ions according to the nomencla-
ture proposed by Pauling et al. (29). Fragment ions are
suggested for common lipid classes as implemented in
LipidCreator (30) and ALEX123 (29).

To specify additional structural details such as sn-
positions or double bond locations by mass

PE 16:1(92)/20:4(5Z, 8Z, 11Z, 142)

@)

HaN L JK/V\A)_wv

_A_>

e U, e e Va Y

5 8 11 14

‘<— n-6 —

stereo-
sn-position configuration
|
|
* [Na*] CID-OzID C=C ZIE
+ [Na*] CID-UVPD « OzID

« [Na*] PB-MS3 CID
* (+Fe?*)UVPD

sn-position full structure
level level
PE 16:1/20:4 PE 16:1(92)/20:4(5Z,8Z,11Z,147)

Fig. 8. Elucidation of lipid molecule structure and related annotation/structure level. Source: Adapted from Zhang et al. (31).
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spectrometric analysis, additional analytical dimensions
or chemical derivatization need to be used (31). When
applying chromatographic separations, it is important
to indicate whether an algorithm has been used to
predict or verify the separation, such as retention time
prediction models (32). There are several important
quality assurance and quality control (QA/QC) steps to
minimize misidentifications: 1) Check for overlaps with
isobaric molecules (https://lipidomicstandards.org/
isobaric-overlap/) for example in double bond series
(Type-1l, Fig. 6), other lipid classes ([PI 34:1-HJ and [PS
40:6-H+"°CI" Am/z = 0.002) or different ions ([PC
34:1+Na]* and [PC 36:4+H]* Am/z = 0.002). 2) Check for
overlaps ~ with  isomeric  molecules  (https:;//
lipidomicstandards.org/isomeric-overlap/) such as
phosphatidylcholine (PC) and phosphatidylethanol-
amine (PE) (m/z [PC 32:0+H]" = m/z [PE 35:0+H]"). 3)
Check whether the precursor ion could result from in-
source fragmentation (https://lipidomicstandards.org/
in-source-fragmentation/) such as loss of water (m/z
[Cer 34:LO2+H]" = m/z [Cer 34:0;03+H-H0]". 4) Use
of a standard to verify ionization (which adduct ions
are formed), if applicable, which fragment ions or
retention time are observed for the respective lipid
class at the selected analytical conditions. 5) Demon-
strating the lipid being reported is not observed in the
background (see also the definition of the blank sam-
ples in step 6). 6) Ensuring the signal is above the limit
of detection (LOD), typically defined as a signal-to-
noise (S/N) ratio greater than three). Determination
of S/N must be performed without smoothing and
needs to include a sufficient number of data points (33).

Mass spectrometric quantification requires the
application of internal standards (IS) due to the sub-
stantial influence of the sample matrix on the ioniza-
tion process, particularly in electrospray ionization
(ESI). It is highly recommended to use at least one IS
per lipid class (4) since the ionization efficiency of a
lipid molecule in ESI is strongly correlated to its po-
larity, typically its (polar) head group characteristic for
the respective lipid class. In addition to reporting details
on the IS, it is important to specify the type of quanti-
fication (Fig. 8). This includes whether the concentra-
tion was calculated based solely on the amount of the IS
used (single point calibration) or if calibration curves
were utilized. If calibration curves were used, it is
important to note whether they were generated in a
solvent or sample matrix and which lipids were
included in the calibration. For certain lipid classes, the
analytical response is also influenced by structural
characteristics, such as the length of the acyl chain and
the number of double bonds. In these cases, accurate
quantification may necessitate the use of response
models, as demonstrated for cholesteryl esters (34), and
ceramides (35). The analytical response is typically more
uniform when MS' is applied. When MS? is used, it also
depends on which fragments are used for quantifica-
tion. For example, PC species analyzed using the lipid
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class-specific fragment m/z 184.0733 show a similar
response (36), whereas accurate quantification using
only carboxylic acid fragments requires a response
model (37). Another factor that affects the analytical
response is the Type-I isotopic effect, which refers to
the decrease in the proportion of monoisotopic peaks as
the number of carbon atoms increases (Fig. 9). This
effect can be corrected by adjusting the intensities of
the monoisotopic peaks based on the theoretical iso-
topic pattern. Finally, concentrations must incorporate
the volume for liquid samples such as plasma, the
protein or DNA content for cultured cells, or wet
weight for solid material such as organs.

Every lipidomic workflow relies on software to pro-
cess the raw data, including isotope correction to
minimize, to identify, and quantify lipid molecules.
Therefore, information concerning the applied soft-
ware (including databases and libraries) is collected
which includes steps for data transformations such as
smoothing, centroiding, lock mass correction or batch
corrections. In case, multiple software tools are, the user
can specify this in a free-text field.

Step 6: quality control (QC)

This section of the checklist collects information
regarding QC aspects of the lipidomic experiment.

Blank samples are essential for identifying in-
terferences, especially lipids that may not originate
from the sample material or chemical contaminants
that can be misidentified as lipids. For instance, solvents,
additives for ionization, vials, extraction tubes, pipette
tips, etc, may contain such interferences (38). These
contaminants can be monitored by different blank
samples, including the solvent, extraction, and internal
standard blanks (Fig. 10). Solvent and extraction blanks
are used to check for contaminants resulting from sol-
vents, chemicals, tubes, and plastic pipette tips. Solvent
blanks are also suitable for monitoring sample carry-
over. The internal standard blank is necessary to iden-
tify interferences, especially lipid background that may
arise from the internal standards. For instance, insuffi-
cient labeling of stable isotope-labeled standards may
lead to unlabeled lipid molecules while degradation of
complex lipids may result in an artificial increase in
lysolipids. When interferences are present, affected
lipids can either be excluded from analysis or sub-
tracted if they represent a stable background.

QC samples typically have the same matrix as the
samples being analyzed, often pooled samples. QCs are
valuable for monitoring instrument performance and
batch-to-batch variation. They are treated in the same
way as the regular samples and, therefore, allow control
of the entire lipid analysis workflow (39). QC moni-
toring is mandatory for quantitative lipidomics work-
flows and typically includes multiple QCs. For clinical
lipidomics, QCs may include acceptance ranges for the
respective lipid concentrations. When commercial or
reference samples are included, concentrations can be
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Fig. 9. Lipid molecule quantification.

related to reference values and used for alignment with
other laboratories with different workflows.

Step 7: method validation

This section seeks information regarding the valida-
tion of the reported lipidomics workflow. Basic method
characteristics that are typically evaluated during
method validation include the recovery of lipids, dy-
namic linear range, the LOD, and limit of quantifica-
tion (LOQ) as well as precision and accuracy (Fig. 11).
Determining these basic characteristics is usually suf-
ficient for quantitative research assays. However, clin-
ical assays require additional validation, which often
involves following guidelines for bioanalytical method
validation provided by the European Medicines Agency
(EMA) (https://www.ema.europa.eu/en/ich-m10-
bioanalytical-method-validation-scientific-guideline) or
the US. Department of Health and Human Services
Food and Drug Administration (FDA) (https://www.
fda.gov/regulatory-information/search-fda-guidance-
documents/ml0-bioanalytical-method-validation-and-
study-sample-analysis). These guidelines provide rec-
ommendations for chromatography-based methods,

SASBMB
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covering not only the determination of basic charac-
teristics but also additional parameters such as selec-
tivity/specificity, matrix effect, carryover, dilution
integrity, and analyte stability.

Step 8: reporting summary

In the final section of the checklist, the user is asked
whether a public repository is used to store the exper-
imental data, such as raw and result files, containing
results of identification and/or quantification (Fig. 12).
A simple provision of all raw data in a spreadsheet file
on online storage may satisfy the requirement of pub-
lishing the data. However, without providing metadata
such as names (identifiers) of measured samples, or
result files, a first assessment might be challenging
when determining if the data can be evaluated for
other purposes. Repositories such as MetaboLights (40)
and Metabolomics Workbench (41) fit these re-
quirements, as well as Panorama, which is established in
the proteomics field (42). These databases should pro-
vide both the information type and the actual infor-
mation, eg, ‘lipid identifier’ — PC 16:0_18:1. The
provision of the complete record is also standardized,
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usually with open formats, for instance, inmzTab-M
(43) format and/or standard spreadsheet formats.
Additionally, the user can specify a list of raw and
processed file names and link the checklist to the data
repository. In cases where data cannot be disclosed in a
public repository, eg clinical and population datasets,
the user should enter a link to the resource that allows
for mediated access to the data or provide contact de-
tails of the study authors or stewards. This information
can be, eg., written in the additional comments field in
this section.

Tips and tricks for completing the checklist

To provide an overview of the details required to
complete a checklist and to facilitate its generation,
sample PDFs of the checklist are provided as supple-
mentary data and on the home page. They have also
been published on Zenodo (https://doi.org/10.5281/
zenodo.13692575,  https://doi.org/10.5281/zenodo.136
92579, https://doiorg/10.5281/zenodo.13692581). The
generation of the first checklist may take some time,
depending on the number of sample sets and lipid
classes included in the study. However, once a checklist
exists for a particular workflow, it can be copied and
modified for the particular study, typically by addi-
tion/modification of sample set and lipid class identi-
fication/quantification details, facilitating a faster
checklist generation (Fig. 13).

As one lipidomic workflow may cover numerous
lipid classes, reporting the required identification/
quantification details could be tedious. Therefore, the
checklist provides several options to save time: 1) Lipid
class details can be imported from previous reports. 2)
Lipid class details can be exported to and imported
from Excel spreadsheets. 3) Lipid class details can be
modified/previewed/deleted.

SASBMB

This allows the user to enter details for just one lipid
class and then copy and modify that entry. For
example, for glycerophospholipids, it may be necessary
to only change the lipid class-specific fragment ion and
internal standard. Such details could be maintained in
an Excel spreadsheet and quickly modified by copy/
paste actions and then uploaded to the respective
report. Similarly, sample set details can be uploaded
and reused to save time.

In collaborative projects, it may be necessary to
collect checklist information from different working
groups. Typically, sample details are provided by bi-
ologists and physicians, and analytical method details
are provided by the lipidomics laboratory. To facili-
tate the completion of the checklist in such projects,
we aim to introduce a shared checklist in the future.
For now, we recommend using a shared account to
complete the details. Of note, when lipidomic data are
provided by commercial vendors or core facilities, it is
recommended that the data providers be made aware
that method details should also be filled into the
checklist.

DISCUSSION

The Lipidomics Minimal Reporting Checklist pro-
vides an automated easy-to-use pipeline that facilitates
the reporting of all crucial steps of lipidomics work-
flows in a single standardized document. The checklist
not only assists users in determining what should be
reported but also provides essential information on the
reasons behind certain procedures, such as using in-
ternal standards, naming, or applying isotope correc-
tion in lipidomics experiments. In this article, we
provide multiple educational examples to highlight the
necessity of such reporting to improve understanding
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of the complexity of lipidomics and the implications
this complexity has on quality data output.

Importantly, the checklist is a community-driven
effort and thrives on community engagement. We
actively encourage users to provide feedback and
submit their requests, as this affords continuous im-
provements of the lipidomics checklist. Currently,
more than 400 reports have been generated. In the
future, we plan to tighten the link to repositories
storing the qualitative and quantitative information to
provide a platform for intuitive data interoperability
and re-usability within the community. Using this
valuable insight will foster the advancement of lip-
idomics and streamline decision-making processes,
enabling researchers to make informed choices more
efficiently.

In addition to guiding researchers in lipidomics
workflows, the checklist also assists editors and re-
viewers in reviewing lipidomic studies. This can
contribute to improving the quality of data in
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lipidomics research. Furthermore, the checklist
output, a PDF document, can be made immutably
publicly available with a DOI in Zenodo which should
be provided within a manuscript submission. In
addition, it is easy to link the DOI to lipidomic data
even in existing data repositories (40, 41). In the
future, data repositories may consider more detailed
and automated quality checks that link experimental
data and checklist information to a quality score. This
can help readers evaluate the reported lipidomic data
more effectively and to make lipidomic data FAIRer
to improve reusability and reproducibility. Overall,
the anticipated improvement in the quality and us-
ability of lipidomic data will then ultimately lead to a
better understanding of the complex roles of lipids in
biological systems. Furthermore, the checklist frame-
work follows harmonization efforts in other fields
such as in proteomics (Proteomics Standards Initiative,
https://www.psidev.info/) (44) and genomics (The
Genomic Standards Consortium, https://www.gensc.
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org/) (45) which are important for multiomics data
integration.

In conclusion, the Lipidomics Minimal Reporting
Checklist is a community-based effort promoting stan-
dardization and harmonization. Currently, the ILS is
working to increase awareness of the Lipidomics
Checklist. On the one hand, the checklist will be pre-
sented at conferences, and on the other hand, attempts
will be made to convince journals of its benefits. A
future goal for the Lipidomics Minimal Reporting
Checklist is to become a standard practice where
everyone routinely includes the report with their pub-
lications and disseminated data.
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