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Introduction
Cardiovascular disease (CVD) remains a leading cause of  death worldwide, driving the ongoing search for 
effective preventative strategies. Among the promising approaches is the use of  long-chain omega-3 poly-
unsaturated fatty acids (n-3 PUFAs), particularly eicosapentaenoic acid (EPA), commonly administered 
in its ethyl ester form, icosapent ethyl (IPE). Large clinical trials, such as REDUCE-IT and JELIS, have 

BACKGROUND. Icosapent ethyl (IPE), an ethyl ester of eicosapentaenoic acid (EPA), reduces 
cardiovascular disease (CVD), but the mechanism remains elusive. We examined the e�ect of IPE 
supplementation on lipoprotein subclasses, lipidomes, and pro-atherogenic properties.

METHODS. Using 3 independent metabolomic platforms, we examined the e�ect of high-dose IPE 
supplementation for 28 days on fatty acid pro�les, lipoprotein subclasses, lipidomes, and pro-
atherogenic properties in normolipidemic volunteers (n = 38).

RESULTS. IPE supplementation increased lipoprotein EPA on average 4-fold within 7 days, returning 
to baseline after a 7-day washout. Notably, the incorporation displayed marked interindividual 
variance, negatively correlating with baseline levels. We identi�ed persistent participant-
speci�c lipoprotein �ngerprints despite uniform IPE-induced lipidome remodeling across all 
lipoprotein classes. This remodeling resulted in reductions in saturated, monounsaturated, and 
n-6 polyunsaturated fatty acids, resulting in reduced clinical risk markers, including triglyceride, 
remnant cholesterol, and apolipoprotein B (apoB) levels and 10-year CVD risk score. Of the pro-
atherogenic properties tested, IPE signi�cantly reduced apoB lipoprotein binding to proteoglycans, 
which correlated with lower apoB particle concentration, cholesterol content, and speci�c lipid 
species in LDL, including phosphatidylcholine 38:3 previously associated with CVD.

CONCLUSION. These �ndings highlight IPE�s rapid, uniform remodeling of lipoproteins and 
reduced proteoglycan binding, likely contributing to previously observed CVD risk reduction. 
Persistent interindividual lipidome signatures underscore the potential for personalized therapeutic 
approaches in atherosclerotic CVD treatment.
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7 days of  IPE supplementation on average by 25%, 18%, and 32%, respectively (Supplemental Table 2). 
Several amino acids, most notably branched-chain amino acids and histidine, were signi�cantly increased 
after IPE supplementation, while acetate was signi�cantly reduced (Supplemental Table 2).

Elevated EPA reduces CVD risk score and lipoprotein binding to proteoglycans. IPE supplementation signi�-
cantly reduced plasma TG levels by 14% – 28%, apoB by 6% – 11%, and remnant cholesterol (lipopro-
tein-associated cholesterol, abbreviated hereafter by -C) by 8% – 11% already after 7 days (Figure 3, A and 
B). The reduction in remnant-C resulted in a reduction in total cholesterol despite a statistically signi�cant 
increase in HDL-C (Figure 3A). Additionally, non-HDL-C and LDL-C were reduced after the 7-day IPE 
supplementation (Figure 3A). All the observed changes returned toward their initial levels after the 7-day 
washout period. Lp(a) concentrations did not respond to IPE supplementation (Figure 3A).

CERT2 score (26�30) in our cohort of  healthy normolipidemic individuals was low or moderate in 
most participants at baseline. Nevertheless, the risk scores decreased on average by 26% following 28 days 
of  IPE supplementation (Figure 3C).

To assess whether IPE supplementation affects pro-atherogenic properties of  lipoproteins, we assayed 
the binding of  lipoproteins to human aortic proteoglycans and the aggregation propensity of  LDL parti-
cles. These are markers of  lipoprotein retention in the subendothelial extracellular matrix and the suscep-
tibility of  LDL to undergo modi�cations and aggregate during atherogenesis. IPE supplementation signi�-
cantly decreased the amount of  lipoprotein cholesterol bound to aortic proteoglycans from baseline to day 
28 and remained reduced even after the washout period (Figure 3D). The proteoglycan binding positively 
correlated with both circulating and clinical risk markers of  CVD (Figure 3E). IPE-induced change in LDL 
aggregation rate between day 0 and 28 correlated negatively with the baseline rate, indicating that LDL 

Figure 1. Study timeline and methods. Seventy-two participants (34 male and 38 female) were recruited. Clinical baseline measurements were taken 
before 28-day IPE supplementation. IPE, icosapent ethyl; CERT2, Coronary Event Risk Test 2; GC, gas chromatography; NMR, nuclear magnetic resonance 
(spectroscopy); LC/MS, liquid chromatography-mass spectrometry; VLDL, very low-density lipoprotein; LDL, low-density lipoprotein; HDL, high-density 
lipoprotein. Figure created with BioRender.com.
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aggregation susceptibility increased in those with aggregation-resistant LDL at baseline but decreased in 
the individuals who had the most aggregation-prone LDL (Supplemental Figure 4).

We also determined the effect of  IPE supplementation on reverse cholesterol transport, a key mech-
anism for combating cholesterol accumulation in the arterial wall. We did not observe any IPE-induced 
differences in the capacity of  either plasma or isolated HDL particles to remove cholesterol from macro-
phages (Supplemental Figure 5).

Decrease in atherogenic lipoprotein particles and their lipids due to IPE supplementation. To determine in detail 
how lipoproteins and their subclasses, particle sizes, and particle and lipid concentrations were affected 
by the IPE supplementation, plasma samples were analyzed by NMR spectroscopy. Lipoprotein subclass 
descriptions and data are available in Supplemental Table 3.

The number of  circulating VLDL particles decreased by 9% – 24% from baseline to day 28 of  IPE sup-
plementation (Figure 4A). This reduction in particle number was accompanied by reductions in VLDL-C, 
VLDL-phospholipids (PL), VLDL-TG, and VLDL size (37.6 nm vs. 37.1 nm) (Figure 4A). The largest 
relative changes in particle numbers and lipids carried in those particles were observed in the largest lipo-
protein subclasses. The particle number of  XXL-VLDL (size > 75 nm) decreased by 35% in contrast with 
XS-VLDL (mean size 31 nm), which decreased by 6% (Figure 4B). PLs, free cholesterol (FC), and cho-
lesteryl esters (CE) were reduced in all VLDL subclasses, while TGs were reduced in XL-, L-, and M-VLDL 
after 28 days of  IPE supplementation (Figure 4C).

The total number of  circulating LDL particles, and hence total LDL lipid, LDL-C, and LDL-PL, 
decreased slightly, with no change in the average particle size (Figure 4A). Statistically signi�cant reduc-
tions of  2%�7% were observed in total lipid and particle concentrations in all 3 LDL subclasses (Figure 
4B). Additionally, FC was reduced in L-LDL, while CE and TG were reduced in M- and S-LDL and PLs 
in IDL, L-, and M-LDL after 28 days of  IPE supplementation (Figure 4C).

The total number of  circulating HDL particles reduced after IPE supplementation (Figure 4A). The 
number of  S-HDL particles decreased, and the number of  XL-HDL particles increased (Figure 4B), 
leading to an overall increase in HDL particle size. HDL-C increased at day 7 but did not differ from 
baseline at day 28, unlike HDL-TG, which decreased in all 4 HDL subclasses after 28 days of  IPE sup-
plementation (Figure 4C). The shift toward larger HDL particles resulted from increases in FC, CE, and 
PL carried in L-HDL and decreases in S-HDL.

With respect to relative proportions of  lipids within lipoproteins, a reduction in TG content was 
observed only in HDL, where it decreased in all 4 subclasses. The proportion of  FC+CE was reduced in 
M-LDL and S-LDL, while PLs increased in S-LDL, M-LDL, and IDL. VLDL particles showed a reduc-
tion in the relative FC+CE content only in S-VLDL (Supplemental Table 3).

IPE supplementation decreases nonesteri�ed fatty acids and affects regulators of  LPL. To investigate how IPE sup-
plementation might cause the reductions in lipoprotein particle numbers, we analyzed the concentration of  
circulating nonesteri�ed fatty acids (NEFAs), which contribute to the hepatic lipid storages, a crucial factor in 

Table 1. Baseline clinical characteristics of study participants

Men/Women 11/27
Age 30 ± 9

Waist circumference (cm) 81 ± 11
BMI (kg/m2) 23.5 ± 2.5

Blood pressure (mmHg) 123 ± 12/78 ± 9
Blood sugar (mmol/L) 5.0 ± 0.4

B thrombocytes (×109)/L 238 ± 37
Vitamin D (nmol/L) 37.5 ± 12.9

Total cholesterol (mmol/L) 4.5 ± 0.8
Triglycerides (mmol/L) 0.9 ± 0.4

LDL-cholesterol (mmol/L) 1.7 ± 0.4
HDL-cholesterol (mmol/L) 1.5 ± 0.4

Lipoprotein (a) (mg/dL) 21.6 ± 30.9

Only participants who completed the study are included (n = 38). Data are means – SD.
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VLDL production (31). The NEFAs decreased signi�cantly by 15% following IPE supplementation, and the 
decrease persisted after the washout period (Supplemental Figure 6A).

Omega-3 fatty acids can directly upregulate LPL (25), but its enzymatic activity is mainly con-
trolled posttranslationally via inhibitors such as apoC-III and angiopoietin-like 3 protein (ANGPTL3). 

Figure 2. E�ect of IPE supplementation on plasma fatty acids. Fasting plasma total fatty acids were measured by gas 
chromatography at baseline (day 0), at 7 and 28 days of IPE supplementation, and after washout on day 35. (A) Eicos-
apentaenoic acid (EPA, 20:5n-3) concentrations (n = 38). (B) Percentage change in plasma EPA between day 0 and day 28 
plotted against baseline EPA concentrations (n = 34); a linear �t (red line) with 95% con�dence intervals (dotted lines) 
are shown. A Spearman�s correlation analysis between the baseline concentration and EPA percentage change was con-
ducted, with the correlation coe�cient and P value shown. (C) Total fatty acid n-6/n-3 ratio (n = 38). (D) Relative changes 
in fatty acid mean concentrations versus baseline (n = 36). (E) Total plasma SAFA, MUFA, and PUFA concentrations (n = 
38). (F) Plasma glucose concentrations (n = 37). For box plots, the boxes represent the 25th�75th percentile with a medi-
an bar, and whiskers represent the range with all individual values shown. Dots represent individual participant data 
points. Statistical signi�cance was assessed using paired multiple t tests (Limma) with FDR correction.
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ANGPTL3 was signi�cantly reduced after IPE supplementation (Supplemental Figure 6B). ApoC-III 
decreased after 7 days of  IPE supplementation and remained signi�cantly lower after washout (Supple-
mental Figure 6C). ApoC-II, which is a cofactor of  LPL, did not change following IPE supplementa-
tion (Supplemental Figure 6D).

Figure 3. E�ect of IPE supplementation on clinical plasma lipids, cardiovascular risk, and lipoprotein pro-athero-
genic properties. (A) Fasting plasma clinical lipid markers measured by NMR spectroscopy at baseline, day 7, day 28, 
and after washout on day 35 (n = 36). �Lp(a)� indicates lipoprotein (a). (B) Plasma apoA1, apoB, and apoB/apoA1 ratio, 
determined by NMR spectroscopy (n = 36). (C) Coronary event risk test 2 (CERT2) was performed on plasma samples at 
all 4 time points (n = 38). The test categorizes individuals into a risk category, indicated by di�erent colors in the graph. 
(D) The a�nity of plasma lipoproteins for aortic proteoglycans was assayed ex vivo as described in the Methods (n = 
36). (E) Spearman�s correlation analysis between the binding a�nity of lipoproteins to aortic proteoglycans and clinical 
parameters and plasma lipid levels (n = 36). For box plots, the boxes represent the 25th�75th percentile with a median 
bar, and whiskers represent the range with all individual values shown. Statistical signi�cance was assessed using 
paired multiple t tests (Limma) with FDR correction.
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Impact of  IPE supplementation on lipoprotein lipidomes. VLDL, LDL, and HDL were isolated by ultracen-
trifugation and their lipids then analyzed by LC/MS. The lipid class compositions of  the isolated lipopro-
teins at baseline were as expected (Figure 5A and Supplemental Table 4, A and B). The relative lipid class 
proportions were generally resistant to IPE supplementation (Supplemental Table 4B). However, the rela-
tive proportion of  VLDL-TG increased signi�cantly from 45% to 48%, while that of  VLDL-CE decreased 
signi�cantly from 30% to 26% over 28-day IPE supplementation.

LC/MS revealed a 15% increase in the HDL lipid-to-protein, consistent with the increased HDL parti-
cle size observed in NMR analyses (cf. Figure 4). The increased lipid-to-protein was due to elevated HDL-
CE, HDL-diacylphosphatidylcholine (PC), HDL-lysophosphatidylcholine (LPC), and HDL-sphingomy-
elin (SM) (Supplemental Table 4A). No changes in total lipid-to-protein ratio were observed for VLDL or 
LDL particles, but VLDL-ceramide (Cer) decreased signi�cantly.

At the individual lipid species level, drastic changes were observed across all lipoprotein fractions and 
lipid classes. After 28 days of  IPE supplementation, out of  the 315 detected lipid species, signi�cant chang-
es were noted in 122 species in VLDL, 103 in LDL, and 121 in HDL (Figure 5B). The most signi�cant 
changes in each lipoprotein fraction are presented in Supplemental Figure 7. All individual lipid species 
abundances and their changes are detailed in Supplemental Table 5.

Figure 4. E�ect of IPE supplementation on lipoprotein subclasses. Plasma concentrations, particle sizes, and lipid compositions of 14 lipoprotein subclasses 
were measured using NMR spectroscopy. (A and B) Percentage change in lipid and particle concentrations or particle sizes between baseline and day 28. In A, 
data are means – 95% con�dence interval. In B box plots show median and interquartile range with individual data points. Signi�cant changes are marked *P < 
0.05, **P < 0.01, ***P < 0.001, and ****P < 0.0001. (C) Circular stacked bar plot of lipoprotein subclass lipid compositions at baseline, day 7, day 28, and day 35. 
Each bar shows total lipid concentration of a lipoprotein subclass with colors for lipid classes. The time points are shown in a clockwise rotation order for each 
lipoprotein subclass, organized based on their size from largest to smallest. Signi�cant changes in lipid abundances are indicated by * within bars. Total lipid dif-
ferences are indicated on top; *P < 0.05, **P < 0.01, ***P < 0.001, and ****P < 0.0001. Statistical signi�cance was assessed by paired multiple t tests (Limma) 
with FDR correction. N = 36 for all panels.
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Feature-based variance-sensitive clustering of  all lipid abundances across all lipoprotein classes identi-
�ed 4 distinct clusters, each showing unique lipid species changes across the 3 lipoprotein fractions (Figure 
5C). The clustering analysis indicated that the most substantial changes were observed in EPA-containing 
lipids, which showed a signi�cant increase, and in n-6 PUFA�containing lipids, which demonstrated a 
notable decrease. Taken together, signi�cant increases in EPA-containing CE, PC, and TG species, as well 

Figure 5. Impact of IPE supplementation on lipoprotein lipidome composition and dynamics. Lipoprotein fractions were 
isolated by ultracentrifugation, and their lipids were analyzed by LC/MS. (A) Pie charts show lipid class compositions of iso-
lated lipoproteins at baseline (day 0). (B) Venn diagram displays signi�cantly changing lipid species in each fraction after 28 
days. (C) Time series clustering of signi�cantly changing HDL, LDL, and VLDL lipids; orange lines represent individual species 
and brown lines, cluster medians; and cluster member counts (CM) are shown. Only species with cluster membership of >0.5 
are included. Panels are named based on typical cluster members, which are listed in the panels. Lipid annotation: class, acyl 
carbon range, and double bond range. (D) Change in LDL lipid unsaturation from baseline to day 28, grouped by double bond 
count. Box plots show mean log2 fold-changes with medians, 1.5 interquartile ranges, and individual data points. N = 29 for 
HDL, 37 for LDL, and 38 for VLDL. Venn diagram implemented with DeepVenn, ' Tim Hulsen, https://www.deepvenn.com.
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as reductions in saturated, monounsaturated, and n-6 PUFA species, led to a clear shift toward a higher 
degree of  unsaturation following IPE supplementation (Figure 5D and Supplemental Figure 8).

The distribution of  EPA in the circulating lipoproteins. The distribution of  EPA among lipoprotein fractions 
mirrored the overall distribution of  lipids (Figure 6A and Supplemental Figure 9). The majority of  EPA 
was carried in HDL particles, while VLDL particles contained a higher proportion of  EPA than of  total 
lipid. IPE supplementation signi�cantly shifted the distribution of  EPA-containing lipid species from the 
VLDL pool toward LDL (Supplemental Figure 9).

The distribution of  EPA between lipid classes in each lipoprotein fraction is shown in Figure 6B. IPE 
supplementation signi�cantly shifted the distribution of  EPA from PL and TG toward CE.

We estimated the number of  lipid molecules in a single lipoprotein particle and the number of  EPA 
molecules it carried (Table 2). After IPE supplementation, the number of  EPA-containing lipid species per 
particle increased from 8 to 15 in HDL, from 60 to 220 in LDL, and from 500 to 1,500 in VLDL.

Uncovering of  individual lipoprotein lipid �ngerprints. Although IPE supplementation altered the lipo-
protein lipidomes, principal component analysis (PCA) did not show strong IPE-related clustering (Sup-
plemental Figure 10). Linear mixed model analyses of  the principal components showed that random 
(subject) effects dominated over �xed effects (time), indicating that intersubject variability accounted for 
most of  the variance (Supplemental Table 6). To quantify this, we compared Euclidean distances between 
observations. Distances were longest between different subjects, slightly shorter between time points, and 
approximately 2-fold shorter within subjects (Supplemental Figure 11), re�ecting strong individual lipid �n-
gerprints. Hierarchical clustering supported this, with observations from each subject clustering together or 
on adjacent branches (Supplemental Figure 12). Uniform manifold approximation and projection (UMAP) 
analysis also showed distinct within-subject clustering in 2 dimensions (Figure 7A).

Supervised sparse partial least squares regression-discriminant analysis (sPLS-DA) revealed clear sepa-
ration of  VLDL, LDL, and HDL lipidomes along the �rst 2 components (Figure 7B). The third component 
showed changes between day 0 and day 7, with day 7 and 28 clustering together. Day 35 partially over-
lapped with both day 0 and day 7/28 groups, indicating that IPE-induced changes occurred predominantly 
during the �rst 7 days and partially reverted during washout.

Metabolites and clinical parameters associated with pro-atherogenic properties of  lipoproteins. Next, we inves-
tigated how the individual metabolic pro�les in�uence the pro-atherogenic properties of  the lipoproteins. 
Spearman�s correlation analysis between all measured biomarkers, including clinical measurements, and 
proteoglycan binding (Figure 8A) or LDL aggregation rate (Figure 8B) revealed hundreds of  metabolites 
and clinical parameters that signi�cantly correlated with these atherogenic properties (Supplemental Table 
7). As expected, the number of  circulating apoB-containing lipoproteins had the strongest association. In 
addition, LDL-C, remnant-C, and total-C associated with increased proteoglycan binding (Figure 8A). 
Almost all individual CE and SM lipid species were positively associated with increased proteoglycan bind-
ing, similarly in both LDL and VLDL. In contrast, several of  the EPA-containing HDL-PC species, and 
plasma amino acids histidine and glutamine, were negatively correlated with proteoglycan binding.

Even though plasma was not directly involved in the LDL aggregation assay, plasma components such 
as lipoproteins and their lipid exchange dynamics with LDL are crucial. Changes in these components can 
affect LDL lipid composition, which in turn impacts LDL aggregation. As such, we found that increased 
LDL aggregation rate was associated with apoB/apoA1 ratio, CE 16:0 in LDL, and CE 20:3 and LPC 22:6 
in VLDL, in addition to a few TG species (Figure 8B). HDL-C, HDL size, L-HDL-C, and HDL particle 
number, as well as several PC, PC O- (ether PC), LPC, and CE species were correlated with reduced LDL 
aggregation rate (Figure 8B).

To further understand the risk markers involved in proteoglycan binding and LDL aggregation, we 
utilized XGBoost machine learning models to highlight associated metabolites and clinical parameters. 
Models were constructed using plasma metabolites, lipoprotein lipidomes, and clinical parameters (com-
plete model, Figure 9, A and C) or LDL lipids and clinical parameters (LDL model, Figure 9, B and D).

The complete model identi�ed apoB and several associated cholesterol variables, along with acetate, 
histidine, and fatty acid 18:2n-6, as the best predictors of  proteoglycan binding (Figure 9A). In the LDL 
model, a single very strong predictor, LDL-PC 38:3, emerged (Figure 9B). Interestingly, LDL-PC 38:3 was 
signi�cantly reduced by 60% after IPE supplementation (cf. Supplemental Table 5). Waist circumference, 
age, and BMI were identi�ed by machine learning models and Spearman�s correlation analysis as factors 
associated with increased proteoglycan binding.
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Regarding LDL aggregation, the complete model identi�ed fatty acids with 16�18 carbons and 0�2 
double bonds, along with systolic blood pressure, as the best predictors (Figure 9C). In the LDL model, 
PC O- 38:6 and various lipid species with a low degree of  unsaturation, along with blood pressure, were 
identi�ed as the strongest predictors (Figure 9D).

Discussion
Our �ndings in healthy normolipidemic individuals suggest that IPE supplementation alters systemic 
metabolism to favor fatty acid oxidation over glucose and leads to reduction in apoB lipoprotein secretion, 
plasma lipids, and lipoprotein retention propensity. These changes were evident after 7 days and attenuated 
after a 7-day washout.

Consistent with previous studies, daily IPE supplementation resulted in a 4-fold increase in circulating 
EPA, accompanied by increased DPA but no increase in DHA, suggesting limited conversion, as also pre-
viously noted (32). This shift was accompanied by reductions in SAFA, MUFA, and n-6 PUFA, resulting 
in a substantially lower n-6/n-3 ratio and increased overall unsaturation, changes associated with reduced 
in�ammation and CVD risk (33, 34). The observed improvement in the CERT2 risk score further supports 
these systemic bene�ts.

Sustained high EPA levels throughout the 28-day supplementation and their decrease after a 7-day washout 
indicate a strong but reversible effect of IPE. Consistently, kinetic studies indicate rapid EPA clearance from 
circulation (35, 36). Clinical trials often imply a longer time frame for sustained EPA levels with IPE supplemen-
tation (1, 2). Although it is possible that EPA persists particularly in the adipose tissue and potentially induces 
long-term effects, our results suggest that adherence to the supplementation is crucial for sustained bene�ts. On 
the other hand, the rapid clearance of EPA enables quick attenuation of potential IPE-induced side effects.

Plasma total lipid, TG, and cholesterol levels were signi�cantly reduced during supplementation, align-
ing with previous �ndings in hyperlipidemic patients (1, 2). The reduction was mainly due to depletion of  
large TG-rich apoB particles, likely aligning with decreased hepatic VLDL secretion. Circulating NEFA 
levels declined signi�cantly, suggesting reduced adipose lipolysis or enhanced clearance by oxidative tis-
sues, thereby limiting the hepatic TG pool and hence VLDL secretion (37, 38).

The reduction in the number and size of  TG-rich apoB lipoproteins also re�ects increased LPL activity, 
supported by decreased plasma levels of  LPL inhibitors ANGPTL3 and apoC-III. Previous studies have 
suggested increased LPL activity after n-3 supplementation (39�41), partly due to reduced apoC-III (42); 
however, the mechanism by which IPE impacts ANGPTL3 remain unknown. Decreased levels of  SAFA 
and MUFA, which are preferred LPL substrates, further support increased lipid turnover.

Figure 6. Impact of IPE supplementation on EPA distribution in plasma and lipoproteins. (A) The distribution of circulating total lipids and EPA in lipo-
proteins. Total lipid concentrations (blue bars) in HDL, LDL, and VLDL were determined by NMR spectroscopy, and EPA-containing lipid fractions (red bars) 
were assessed by LC/MS (see Supplemental Methods). Data are means – SD. (B) EPA distribution across lipid classes in HDL, LDL, and VLDL at baseline 
and after 28 days. Lipid species were analyzed by LC/MS; pie charts show the EPA-containing proportions of each lipid class. N = 29 for HDL, 37 for LDL, 
and 38 for VLDL. P values were determined using 1-way ANOVA with mixed e�ects modeling and FDR correction.
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of  EPA into CE is known to be inef�cient (53), the observed enrichment likely re�ects lipid remodeling 
in the circulation. This remodeling is mediated by lecithin:cholesterol acyltransferase (LCAT), which 
catalyses CE formation in HDL, and by cholesteryl ester transfer protein (CETP), which facilitates the 
exchange of  HDL-CE for TG in VLDL and LDL. The observed increase in both HDL-CE and HDL-
LPC observed after IPE supplementation supports enhanced LCAT activity. Meanwhile, CETP activity, 
previously shown to increase with n-3 PUFA supplementation (54), likely contributes to the redistribu-
tion of  EPA-enriched CE from HDL to LDL and VLDL.

Despite the extensive lipidome remodeling induced by IPE, individual participants� lipidomic pro-
�les remained distinct. Unsupervised clustering revealed strong person-speci�c patterns, indicating the 
persistence of  unique lipidomic �ngerprints even after a major metabolic intervention. This suggests that 

Figure 7. Global analysis of IPE supplementation e�ects on lipoprotein lipidomes. (A) UMAP of combined HDL, LDL, 
and VLDL lipidomes (see Supplemental Methods). Each point represents an individual sample at day 0, day 7, day 28, 
or day 35, colored by participant; circled when clustering is obvious. (B) sPLS-DA of HDL, LDL, and VLDL lipidomes. 
Each point represents a sample from an individual; colors indicate lipoprotein class and time point (see color legend). 
Variance explained by each component is shown on the axes.
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