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Figure 5. Associations between the concentrations of 27 individual CE species (LC-MS/MS) and the particle and lipid concentrations of 14
lipoprotein subclasses (NMR) as indicated by partial Spearman’s rank correlations. The general association characteristics for the CE species are
summarized via six metabolic clusters. The percentages shown depict the contribution of each cluster to the circulating total CE concentration.
Otherwise, the data and analyses are as detailed in the caption for Figure 4.

Another demonstration of the excellent coherence within
the independent data domains is the strong positive correlation
block between lipidomics cluster no. 6, the main components
of which are FC and SM, and the XS-VLDL, IDL, and LDL
particles, which transport some 60% of circulating cholesterol.
The associations of CE (lipidomics cluster no. 11) are similar
but show weak negative associations for the XXL- to S-VLDL
subclasses and positive associations to all HDL subclasses (that
transport some 30% of circulating cholesterol).

The molecular information in Figure 4 is substantial and
shows many attributes that have not been elucidated before.
Since ceramides have been suggested as independent
biomarkers for cardiovascular disease risk,> it is of interest
to note that the lipidomics cluster no. 2, consisting of
circulating ceramides (Cer) and dihydroceramides (dhCer), is
strongly positively associated with the entire metabolic cascade
of apoB-containing lipoprotein particles. Several components
of this pathway, including TG, LDL-C, and apoB, are known to
be causal for the development of coronary heart disease.***
It is also notable that this ceramide cluster constitutes only
0.1% of the total circulating lipid concentration. Nonetheless,
the low circulating concentration per se does not prevent
ceramides (or any low abundance lipid class or species) to be
relevant or causal for the atherosclerotic process, particularly
since it has been demonstrated that the interindividual
di erences in LDL particle lipidome can a ect the suscepti-
bility of these particles for enzymatic modifications and
influence the development and progression of atheroscle-
rosis.*? Based on abundant genetic epidemiology evidence, it is
however more probable that the key mediating factor is
intrinsically the apoB.*" The minor compositional di erences
in the LDL particles may not matter much over decades of
apoB overload.*®

Notwithstanding, complementary studies on the (potentially
causal) role of ceramides are needed to put these findings on
the population associations of ceramides and cardiometabolic
outcomes under scrutiny together with comprehensive lip-
oprotein data. This notion is not relevant only for ceramides,
but to all lipidomics measures. Coming to robust conclusions
on these individual constituents of lipoprotein particles is
demanding as recently elaborated by Borges et al.>* in the case

of circulating polyunsaturated fatty acids and calling attention
to the potential bias in the analyses of individual lipid measures
due to the lipoprotein-related mediation.

The molecular characteristics of the various subclass
particles are heterogeneous with many lipid classes and species
being distributed unevenly (see also Figure 1C).*** Within
these fundamental impediments, the overall view from Figure 4
makes perfect sense between the NMR-based lipoprotein
profiling and the LC-MS/MS-based comprehensive lipid
analyses. This unique outlook would also serve well as a
detailed guide for the potential key lipoprotein mediators for
various lipidomics associations in epidemiology and biomedical
studies when comprehensive lipoprotein profiles are unavail-
able (Spearman’s rank correlations between all the NMR and
LC-MS/MS measures are given in a numerical form in
Supporting Information Table S6).

The associations of the lipidomics cluster no. 9 with the
lipoprotein cascade are very weak. The main component of this
cluster is FFA, that are known to be almost entirely transported
by albumin. It is therefore likely that, at least up to a noticeable
portion, the other lipids, namely lysoalkenylphosphatidyletha-
nolamines (plasmalogens; LPE(P)), acylcarnitines (AC), and
phosphatidylinositol monophosphate (PIP1), are transported
by albumin, or other proteins than lipoproteins, in the
bloodstream. These molecules exemplify the unique benefits
of the lipidomics analyses in providing specific biological
information beyond the lipoprotein cascade.

Associations between the Lipoprotein Subclasses
and Lipid Species. The LC-MS/MS lipidomics data for the
lipid classes (Figures 2 and 4), represent concentrations of all
the individual lipid species summed up for a total
concentration for each lipid class. Therefore, the most
abundant lipid species in each lipid class are those that
contribute nearly all to these total concentrations and can
potentially overwhelm the associations of less abundant
molecular species. Triglycerides are a representative example
of a lipid class within which all the analyzed individual
molecular species appear to associate in a very similar manner
with the entire lipoprotein cascade (Supporting Information
Figure S2). Thereby, the individual TG species are likely to
behave similarly to the total TG class associations. However, as
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