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S1 Text

Lipid correlations with body fat percentage

A comprehensive Spearman correlation analysis of lipid subspecies and additional
features was performed with age as covariable and individually for male and female
subjects (S12 Fig). In numerous publications age and sex have been indicated as
important covariables in lipidomics studies [1–6]. Male and female show a number of
differences in their lipidomes, especially in their TAG and SM classes (S3 Fig, S12 Fig).
Overall the correlations of individual lipid subspecies with BFP are in the range of -0.34
to 0.48, with all lipid classes contributing significant correlations (S12A Fig). Male
correlations are usually greater than female correlations. Significantly different
correlation coefficients between sexes were determined by direct comparison in a
statistical test [7] and indicated (S12 Fig). Although we expect females to be largely
postmenopausal, with the median age of individuals at 52 years (S2 Table), the lower
correlation coefficients in females could be caused by menstrual cycles and the influence
of contraceptives [5]. Although we present correlations of the lipidome with BFP, most
previous research was done on BMI and obesity [2, 4, 8]. However, BFP and BMI have a
monotonic relationship (S2E Fig) and show similar correlation profiles, with lesser
correlation coefficients for BMI (S13 Fig). Therefore, BMI related literature will be
cited in the following. TAG and DAG correlate especially positively with BFP
(S12B Fig). This was universally found for BMI in other studies for all [2, 8] or most [4]
significant hits. The TAG and DAG class values as well as many of the male species
show significantly greater correlation coefficients than their female counterparts. There
is also more DAG and TAG in male plasma [9] (S3 Fig). In general we find highest
correlations with TAGs of medium total length (50–52 carbon atoms, S12D Fig) and
1–2 double bonds (S12E Fig). This is consistent with a recent review [10], which
described an ensemble of TAGs with total lengths ranging from 48 to 54 and less than
two double bonds as common fatty markers in multiple diseases involving markers
dysregulated lipogenesis. Likely fatty acids for these TAG species are 16:0;0. 16:1;0,
18:0;0 and 18:1;0 [4]. These TAG species have been interpreted as a signature of
increased de novo synthesis with human fatty acid synthase (FAS), desaturated by
stearoyl-CoA-desaturase-1 (SCD-1) and incorporated into TAGs by glycerol-3-phosphate
acyltransferase-1 (GPAT-1) [11]. Cholesteryl ester as a class is not significantly
correlated with BFP or BMI (S12B Fig) but shows an interesting pattern for lipid
species (S12B Fig). The most abundant CE species (CE 18:2;0, CE 18:1;0 and CE
16:0;0) do not or only very weakly correlate with BFP, while there are stronger positive
correlations with CE 16:1;0, CE 20:3;0 and CE 20:4;0 and inverse correlations with low
abundant CE 20:1;0, CE 20:2;0. A similar pattern for BMI was found before [12]. Weir
et al [4] found a strong positive β-coefficients for total CE when regressing BMI and
similarly positive coefficients for the major CE species. However, also here CE 20:1;0 is
one of the few CE species with an inverse coefficient. PC species are largely positively
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correlated, and the fatty acid profile has several similarities to that of CE. Indeed, high
correlations of lipid species were found for lipid species of PC and CE if both share the
same fatty acid and were attributed to the lecithin-cholesterol acyl transferase (LCAT)
enzyme preferably transferring the sn-2 position fatty acid from PC to cholesterol [13].

PE is positively correlated with BFP for males, but not for females, in total class
and individual species. All ceramides measured are positively correlating with BFP,
however a more diverse picture is seen in other publications [4, 8]. A recent
publication [14] hypothesized that ceramides serve as gauges of free fatty acid excess
when the TAG storage capacity is saturated and the fatty acids spillover into the
sphingolipid synthesis pathway. The resulting ceramides initiate cellular responses that
prevent membrane dissolution by detergent-like FFAs. PC O- as a whole class and
PC O- individual subspecies show some of the greatest inverse correlations. This is most
obvious for BMI [2,4, 8]. Positive slopes have also been found for BMI for similar lipid
species, for which we see positive correlations: e.g. PC O-36:4 or PC O-36:5 [4]. PE O-
seems to behave very alike PC O- in terms of subspecies abundance, fatty acid
abundance and correlations. However, the PE O- class correlation value does not
correlate at all with BFP and correlation coefficients are in general not as great as for
PC O-. PC O- and PE O- are ether linked to fatty alcohols at the sn-1 position. In case
of plasmalogen, the vinyl-ether-linked alcohol is particularly susceptible to
oxidation [15], which could explain the inverse correlations in situations with high
oxidative stress such as obesity [16]. Some LPC correlation for BFP are as low as the
PC O- values. LPC has been found numerous times to be reduced with obesity [17, 18]
which could be due to LCAT activity as a major source of LPC in circulation. Studies
have shown LCAT activity is decreased in obesity [19,20] potentially leading to a
decrease in circulating LPC.

In this dataset glycerophospholipids have been resolved to molecular subspecies
level [21], which provides fatty acids information [22]. Although TAG molecular
subspecies cannot be resolved, we provide the fatty acid composition behind all
overlapping species. This allows to create overall profiles of all for all glycerolipid (GL)
and glycerophospholipid (GP) categories measured.

For TAG and sphingolipids (SP) the total saturation and length profiles are
examined. In males there is an interesting pattern of SP with total length of 34 are
correlated inversely with BFP, while species with total length of 36 are positively
correlated (S12F Fig). At species levels there are multiple sex specific correlations, this
is in line with the highly significant sex differences in SMs (S3 Fig). e.g. SM 34:1;2 is
inversely correlated with BFP in males, while SM 34:2;2 is positively correlated in
females with a similar correlation estimate, a pair which has the greatest positive (SM
34:1;2) and negative (SM 34:2;2) lipid β-coefficients in the lasso model. As ceramides,
the precursors to SM, are all positively correlated with similar estimates across all
species and little sex differences, this is a very interesting effect in sphingomyelin
biosynthesis related to obesity.

Measuring enzyme activity is difficult in humans. However, enzyme activity can be
estimated by using product-to-precursor ratios under the assumption that omega-6 fatty
acids predominate in the contemporary [23]. In all complex lipids measured on the
subspecies level, ratios of fatty acids were calculated for the three existing humans
desaturases: SCD1/∆-9-desaturase (SCD-16 (16:1;0/16:0;0), SCD-18 (18:1;0/18:0;0),
D9D), ∆-6-desaturase (D6D) and ∆-5-desaturase (D5D) [24–26], two fatty acid
elongases (Elongation Of Very Long Chain Fatty Acids Protein 5 (ELOVL5) and 6
(ELOVL6)) [23,27,28], as well as an index measuring the de novo lipogenesis (DNL) [29]
(S12G Fig, See section “Product-to-precursor ratios” above). The question which lipid
classes to include in the indices is not trivial, as fatty acid distribution to lipid classes is
very different. Most studies use free fatty acids, while one study also used phospholipids,
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resulting in indices that were sometimes quite different from free fatty acid indices [30].
Changes in these indices could reflect dietary intake or altered endogenous PUFAs
metabolism. Previous studies found estimated activities of D6D and D9D being
positively associated with adiposity [12, 24, 31, 32] while an inverse relation independent
of BMI was observed for D5D [12,25, 31–33]. Also, we see positive correlations for both
D9D and the D6D ratio and an inverse correlation for D5D, which is expected as
adiposity and triglycerides are correlating with BFP. A study in plasma phospholipids
also found positive correlations in SCD-16, D6D and inverse correlations with D5D
(while SCD-18 was strongly inversely correlated) [30]. Also, insulin resistance and
insulin resistance-related disorders are connected with high activities of the D9D and
D6D and a low activity of D5D [25,27]. It has been suggested that insulin plays a
regulatory role in SCD-16 and SCD-18 activity, where insulin increases SCD-16
activity [25]. While we see little correlation of BFP to elongation from 18:3;0 to 20:3;0
(ELOVL5), there is a strong inverse correlation of in the 18:0;0/16;0;0 ratio (ELOVL6).
Similarly, a drop in the ELOVL6 ratio have been observed in overweight and obese
study participants and was a strong predictor in a model for homeostatic model
assessment for insulin resistance (HOMA-IR) [27].
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