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Abstract
Fish oil (FO) supplementation reduces the risk of CVD. However, it is not known if FO of different qualities have different effects on
lipoprotein subclasses in humans. We aimed at investigating the effects of oxidised FO and high-quality FO supplementation on lipoprotein
subclasses and their lipid concentrations in healthy humans. In all, fifty-four subjects completed a double-blind randomised controlled
intervention study. The subjects were randomly assigned to receive high-quality FO (n 17), oxidised FO (n 18) or high-oleic sunflower
oil capsules (HOSO, n 19) for 7 weeks. The concentration of marine n-3 fatty acids was equal in high-quality FO and oxidised FO
(1·6 g EPA+DHA/d). The peroxide value (PV) and anisidine value (AV) were 4mEq/kg and 3 in high-quality FO and HOSO, whereas the PV
and AV in the oxidised FO were 18mEq/kg and 9. Blood samples were collected at baseline and end of study. NMR spectroscopy was applied
for the analysis of lipoprotein subclasses and their lipid concentrations. High-quality FO reduced the concentration of intermediate-density
lipoprotein (IDL) particles and large, medium and small LDL particles, as well as the concentrations of total lipids, phospholipids, total
cholesterol, cholesteryl esters and free cholesterol in IDL and LDL subclasses compared with oxidised FO and HOSO. Hence, high-quality FO
and oxidised FO differently affect lipid composition in lipoprotein subclasses, with a more favourable effect mediated by high-quality FO.
In future trials, reporting the oxidation levels of FO would be useful.

Key words: Fish oil: Oxidised fish oil: Lipoprotein subclasses: LDL

CVD is the main cause of death and disability worldwide(1).
Intake of fish oil (FO) reduces all-cause mortality in patients
with chronic heart failure(2), death and CVD death in secondary
prevention(3) as well as major coronary events in primary pre-
vention(4). The CVD-reducing effect of FO is mainly attributed
to the marine n-3 fatty acids EPA (20 : 5n-3) and DHA
(22 : 6n-3). These fatty acids are suggested to reduce CVD risk
by lowering TAG levels, reduction of blood pressure and pla-
telet aggregation and prevention of arrhythmia(5–8). The effect
of FO on cholesterol levels, however, is less clear. A review of
the early studies on FO consumption concluded that n-3 fatty
acids from FO reduce serum cholesterol as effectively as n-6
fatty acids from plant oils(9). In contrast, two recent reviews
conclude that FO consumption does not have an effect on total
cholesterol levels, but results in a modest increase in
LDL-cholesterol and HDL-cholesterol(5,10). The inconsistency in
the effect of FO on LDL-cholesterol may be due to genetic

variants in the study populations. It has previously been
reported that the apoE4 genotype is associated with a more
pronounced increase in LDL-cholesterol, especially in response
to supplementation with DHA(11). In contrast, Minihane et al.(12)

reported that supplementation with marine n-3 fatty acids
decreased the level of LDL-cholesterol to a greater extent in
apoE4 individuals, suggesting that other factors might mediate
the inconsistency of FO effects on LDL-cholesterol.

EPA and DHA are prone to oxidation because they contain a
high number of bisallylic carbon atoms. Lipid peroxides of these
fatty acids are formed in the presence of initiators(13). The
degree of oxidation in commercially available FO supplements
has raised concern because of possible adverse effects on
human health(14–17). The peroxide value (PV) and the anisidine
value (AV) are used as a measure of primary and secondary
oxidation products in oils(18). Different maximum lipid peroxide
levels have been suggested to ensure high-quality oil, but these
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limits are based on palatability and not on adverse health effects
in humans(18,19). The Global Organization for EPA and DHA
(GOED) Voluntary Monograph has set maximum limits for
oxidation of FO to PV= 5mEq/kg and AV= 20. Other inter-
national and regional limits vary between 5 and 10mEq/kg
for PV and between 10 and 30 for AV(20). Evaluation of the
oxidation levels of over-the-counter n-3 supplements yields
highly variable results, with between 11 and 100% of products
tested exceeding one or more of the oxidation limits set by
GOED(14–17,21,22). We have previously shown that intake of
oxidised FO (PV= 18, AV= 9) had no effect on different in vivo
markers of oxidative stress, inflammation, lipid peroxidation or
on the level of oxidised LDL after 7 weeks, compared with a
control oil and a high-quality FO (PV= 4, AV= 3) in healthy
adults(23,24). In contrast, Garcia-Hernandez et al.(25) found that
intake of a less oxidised FO (PV= 15), but not a highly oxidised
FO (PV= 47) or a control, lowered fasting cholesterol after a
4 week intervention in dyslipidaemic subjects not taking lipid-
lowering drugs.
Lipoproteins of intestinal and hepatic origin are divided into

five classes; TAG-rich chylomicrons and VLDL and cholesterol-
rich intermediate-density lipoprotein (IDL), LDL and HDL.
These lipoprotein classes can be further divided into subclasses,
based on their size and density. However, these classifications
are determined by the method used to measure lipoproteins, as
they exist in a continuum of sizes and densities and not as
distinct classes(26). The use of NMR spectroscopy enables
quantification of lipoprotein subclasses and their protein and
lipid constituents(27). Knowledge about the lipoprotein subclass
distribution might give a more precise risk assessment for CVD
than only measuring total cholesterol, LDL-cholesterol and
HDL-cholesterol(28).
The effect of FO supplementation on lipoprotein subclasses

have previously been studied in type II diabetic patients. FO
reduced VLDL size and particle concentrations of large VLDL
and small HDL compared with maize oil(29). Another trial
investigated the effects of lean and fatty fish intake on lipo-
protein subclasses in CHD patients. They found an increase in
cholesterol, cholesteryl esters and total lipids in the largest HDL
subclass as well as an increase in mean size of HDL particles
after consumption of fatty fish(30). Similar results were found in
subjects with the metabolic syndrome that had a high increase
in fish consumption(31). Small dense LDL particles have been
suggested to be the most atherogenic of the LDL particles as
they enter the arterial wall more easily than larger LDL particles,
they are more easily oxidised and are less efficiently cleared
from blood because of their reduced affinity for the LDL
receptor(32). FO intake has been shown to cause a shift from
small dense to large buoyant LDL particles, which is associated
with a reduced risk of CVD(33).
Even though we did not observe any changes in serum lipids

in our previous study(23), we wanted to do an in-depth analysis
of lipoprotein subclasses and their constituents to study the effects
of FO with different qualities on lipoproteins in more detail. The
aim of the present exploratory study was to investigate the effect
on lipoprotein subclasses and their lipid concentrations, plasma
lipids and apolipoproteins after supplementation with high-
quality FO and oxidised FO in healthy humans. The hypothesis

was that high-quality FO and oxidised FO differently affects
lipoprotein subclasses. We have previously investigated the effect
of the different oils on the gene expression profiles in peripheral
blood mononuclear cells (PBMC)(34). We therefore wanted to
correlate the gene expression of specific genes with any observed
changes in plasma lipoprotein subclasses in the current study.

Methods

Subjects

Healthy, non-smoking men and women aged 18–50 years who
met the eligibility criteria were included in this study. In brief,
the exclusion criteria were chronic illness, pregnancy, lactation,
BMI≥ 30 kg/m2, hypertension (≥160/100mmHg) and fasting
serum levels of total cholesterol>7·5mΜ, TAG> 4·0mmol/l,
glucose>6·0mmol/l and C-reactive protein>10mg/l, as well as
serum levels of thyroxine stimulating hormone, free T3 and free
T4 outside the reference ranges. A more detailed description of
participant recruitment and enrolment, inclusion and exclusion
criteria, protocol, study products and compliance is given
elsewhere(23).

Ethics statement

This study was conducted according to the guidelines laid down
in the Declaration of Helsinki and all procedures involving human
subjects were approved by the Regional Committee of Medical
Ethics (approval no. 6.2008.2215) and the Norwegian Social
Science Data Services (approval no. 21924). Written informed
consent was obtained from all participants. The study was regis-
tered at www.clinicaltrials.gov (ID no. NCT01034423).

Study design

This study was a part of a 7-week double-blind, randomised,
controlled parallel-group study with three intervention arms,
conducted Akershus University College in 2009. The primary
aim of this study was to investigate the health effects of intake of
high-quality FO and oxidised FO(23). Participants were rando-
mised in a 1:1:1 ratio, and stratified by sex, using Microsoft
Excel’s random generator. Randomisation was performed by
LINK Medical Research AS. The three intervention groups
received sixteen capsules per day containing in total 8 g/d of
high-quality FO, or 8 g/d of oxidised FO or 8 g/d of high-oleic
sunflower oil (HOSO). The EPA+DHA content was equal in the
high-quality FO and oxidised FO. The daily dose of EPA+DHA
was 1·6 g, with EPA and DHA intake corresponding to 0·7 and
0·9 g, respectively(23). The total oxidation values (2PV+AV) of
the HOSO, oxidised FO and high-quality FO oils were 11, 45
and 11, respectively. The fatty acids in the oils were analysed on
a GC (Agilent GC-6890N; Agilent Technologies) equipped with
an autosampler (Agilent G-2614A; Agilent Technologies) and
flame ionisation detector. The fatty acid content and the level of
oxidation of the oils have previously been described(23). The
capsules and containers had identical appearance to ensure
blinding for the subjects and investigators. Compliance was
assessed by counting the remaining capsules after the inter-
vention period and the mean compliance was calculated to be
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97% for HOSO, 100% for oxidised FO and 96% for high-quality
FO. The high compliance estimated by capsule count was
supported by a similar increase in plasma EPA and DHA in both
FO groups, and no increase in the HOSO group(23). Adverse
effects were reported by two participants in each of the FO
groups (belching with fishy taste) and by three participants in
the HOSO group (burping, constipation and urgent to stool).
No reports of off-taste of the oxidised FO were given. In all,
fifty-eight participants received allocated intervention, three
subjects discontinued intervention and one was excluded
because of low compliance. Flow chart of the study is given
elsewhere(23). Participants were instructed to avoid consump-
tion of fish, fish products and other products enriched with
marine n-3 fatty acids 4 weeks before baseline and during the
intervention. The first 3 weeks of the intervention was a fully
controlled isoenergetic diet period that provided 24% of energy
(E%) from fat (8 E% SFA, 5 E% MUFA and 6 E% PUFA) 20 E%
protein and 57 E% carbohydrates. A more detailed description
of the fully controlled diet period is given elsewhere(23). During
the remaining 4 weeks of the intervention, the participants
returned to their habitual diet, still omitting food items con-
taining marine n-3 fatty acids. Blood samples were collected at
0, 3 and 7 weeks. The relatively short length of the intervention
period was set because of unknown adverse effect of oxidised
FO on human health. Samples from 0 and 7 weeks were used
for lipoprotein subclass analyses.

Blood sampling

Subjects were instructed to avoid consumption of alcohol and
doing vigorous physical activity the day before blood sampling.
Blood samples were collected after an overnight fast (≥12 h).
Serum was kept at room temperature for 30min before cen-
trifugation (1500 g, 12min) and plasma was obtained from
EDTA-tubes immediately placed on ice and centrifuged within
10min (1500 g, 4 °C, 10min). Plasma samples were stored at
−80°C, thawed before aliquoting for NMR analyses and stored
again at − 80°C before shipping on dry ice.

Lipoprotein subclass and metabolite analyses

Metabolic biomarkers were quantified from EDTA plasma using
a commercial high-throughput proton NMR metabolomics
platform (Brainshake Ltd; www.brainshake.fi). This method
quantifies routine lipids, lipoprotein subclass profiling with lipid
concentrations within fourteen subclasses, fatty acid composi-
tion, abundant proteins and various low-molecular-weight
metabolites. Details of the experimentation and applications
of the NMR metabolomics platform have been described
previously(35). The fourteen lipoprotein subclass sizes were
defined as follows: extremely large VLDL with particle dia-
meters from 75 nm upwards and a possible contribution of
chylomicrons, five VLDL subclasses (average particle diameters
of 64·0, 53·6, 44·5, 36·8 and 31·3 nm), IDL (28·6 nm), three LDL
subclasses (25·5, 23·0 and 18·7 nm), and four HDL subclasses
(14·3, 12·1, 10·9 and 8·7 nm). The following components of the
lipoprotein subclasses were quantified: phospholipids, choles-
terol, cholesteryl esters, free cholesterol and TAG. The mean
size for VLDL, LDL and HDL particles was calculated by

weighting the corresponding subclass diameters with their
particle concentrations.

Microarray analysis of RNA

In a previous study, PBMC were isolated using BD Vacutainer
Cell Preparation tubes (Becton, Dickinson and Co.) according
to the manufacturer’s instructions. Total RNA was isolated from
the PBMC using RNeasy Mini Kit (Qiagen) and gene expression
was analysed by hybridisation to an Illumina HumanHT-12 v4
Expression BeadChip (Illumina Inc.). A detailed protocol is
given elsewhere(36). We chose to study gene expression in
PBMC because they are readily available and can serve as a
model system for less accessible tissue, such as liver and
adipose tissue. Altered expression of genes related to choles-
terol and fatty acid metabolism, as well as inflammation, has
been observed in PBMC in response to dietary interventions(37).

Statistical analyses

Sample size calculation was based on expected changes in n-3
fatty acids in plasma, as previously described(23). The lipopro-
tein subclass measurements were post hoc analyses not speci-
fied a priori, and an explorative part of the study. Thus, the
study was not powered for these outcomes. Statistical analyses
were performed with SPSS 22 (IBM SPSS Statistics; IBM Corp.).
Normality of variables was checked, and all lipoprotein subclass
variables were log2-transformed to account for non-normal
distributions. One-way ANOVA was used to analyse if the
change from baseline to end of study differed between the
three intervention groups. P≤ 0·05 was considered statistically
significant. If there was an overall significant result, pairwise
comparisons were further investigated with Tukey’s post hoc
analysis to examine where the difference between groups
occurred. Correlation of log2-transformed data was tested with
Pearson’s correlation after removal of one outlier in the
HOSO group.

Results

In total fifty-four subjects completed the intervention, nineteen
in the HOSO group, eighteen in the oxidised FO group and
seventeen in the high-quality FO group. Data from all fifty-four
participants were used for lipoprotein subclass analyses. The
subjects had a mean age of 27 (SD 7) years and a BMI of 22·6
(SD 2·6) kg/m2. There were no significant differences between
the groups at baseline on age, BMI or serum glucose or serum
lipids, as previously reported(23).

The particle concentrations and the concentrations of lipid
constituents in fourteen lipoprotein subclasses were analysed to
investigate the effect of FO of different quality. Intake of high-
quality FO caused a significant reduction in particle con-
centrations of IDL and large, medium and small LDL compared
with oxidised FO and HOSO (P= 0·023, 0·018, 0·020 and 0·018,
respectively) (Fig. 1). Pairwise comparisons revealed that the
reduction in IDL and large LDL particle concentrations in the
high-quality FO group were significantly different compared
with the increase in the oxidised FO group and HOSO group.
The reduction in medium and small LDL particle concentrations
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in the high-quality FO group was significantly different from the
increase in the oxidised FO group (online Supplementary Table S1).
The median changes in particle concentrations of IDL and
LDL subclasses were on average +5, +11 and −3%, for HOSO,
oxidised FO and high-quality FO, respectively (not shown).
Furthermore, intake of high-quality FO significantly reduced

the concentrations of total lipids, phospholipids, total choles-
terol, cholesteryl esters and free cholesterol in IDL and large,
medium and small LDL compared with oxidised FO and HOSO
(Fig. 2 and online Supplementary Table S1). Pairwise compar-
isons showed that the reduction in these lipid constituents in
IDL and LDL subclasses in high-quality FO were significantly
different to the increase in oxidised FO and HOSO in most
cases. Otherwise, the reduction in the high-quality FO group
was significantly different to the increase in the oxidised FO
group (online Supplementary Table S1). The changes in
cholesteryl esters within IDL and large, medium and small LDL

differed most between the three intervention groups. The
median changes in cholesteryl esters in IDL and LDL subclasses
were on average +4, +13 and −5% for HOSO, oxidised FO and
high-quality FO, respectively (not shown).

There was no difference between the intervention groups in
TAG in IDL and LDL subclasses, or in any lipid constituent in
VLDL and HDL subclasses, except for total cholesterol and
cholesteryl esters in the smallest VLDL subclass and cholesteryl
esters in the largest HDL subclass (results not shown).

Intake of high-quality FO resulted in a significant reduction in
LDL-cholesterol, remnant-cholesterol and non-HDL-cholesterol
measured with NMR spectroscopy, compared with oxidised FO
and HOSO (P= 0·019, 0·050 and 0·018, respectively) (Fig. 3).
Pairwise comparisons showed that the reduction in non-HDL-
cholesterol in the high-quality FO group was significantly
different from the increase in the oxidised FO group and HOSO
group, whereas the reduction in LDL-cholesterol in the high-
quality FO group was significantly different from the increase in
the oxidised FO group. However, the change in remnant-
cholesterol was not significantly different between the groups
after pairwise comparisons. There were no differences between
the groups in VLDL-cholesterol and HDL-cholesterol (Fig. 3 and
online Supplementary Table S2). The changes in LDL-
cholesterol were +15, +19 and −6% after intake of HOSO,
oxidised FO and high-quality FO, respectively (not shown).

The concentration of apoB was reduced in the high-quality
FO group and increased in the HOSO and oxidised FO groups
after 7 weeks of intervention. The overall difference was
significant, but pairwise comparisons showed that high-quality
FO was significantly different from HOSO only. There was no
difference in apoA1 concentration between the groups (Fig. 4
and online Supplementary Table S2).

We have previously analysed the expression of genes in
PBMC, and there was no difference in the gene expression of
cholesteryl ester transfer protein (CETP) between the groups
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Fig. 1. Log2-transformed change in particle (P) concentration (mmol/l)
from baseline to end of study for intermediate-density lipoprotein (IDL), large
(L-LDL), medium (M-LDL) and small LDL (S-LDL) in healthy subjects receiving
capsules with high-oleic sunflower oil ( ), oxidised fish oil (FO, ) and high-quality
FO ( ). Overall difference between groups was tested with one-way ANOVA.
Values are means, with standard errors represented by vertical bars. * P≤0·05.
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Fig. 2. Log2-transformed change in lipid concentration (mmol/l) from baseline to end of study for total lipids (L), phospholipids (PL), total cholesterol (C), cholesteryl
esters (CE), free cholesterol (FC) and TAG within intermediate-density lipoprotein (IDL) and large (L-LDL), medium (M-LDL) and small LDL (S-LDL) in healthy subjects
receiving capsules with high-oleic sunflower oil ( ), oxidised fish oil (FO, ) and high-quality FO ( ). Overall difference between groups was tested with one-way
ANOVA. Values are means, with standard errors represented by vertical bars. * P≤0·05.
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after the intervention(36). However, there was a significant
(P< 0·016) positive correlation between the change in CETP
gene expression and the change in cholesteryl esters in IDL
(r 0·41), large LDL (r 0·36), medium LDL (r 0·33) and small LDL
(r 0·33) (Fig. 5).

Discussion

In this study, detailed lipoprotein subclass analysis revealed
differences in particle concentrations of IDL and large, medium
and small LDL as well as total lipids, phospholipids, cholesterol,
cholesteryl esters and free cholesterol in IDL and the three
LDL subclasses after intake of high-quality FO compared with
oxidised FO and HOSO. To our knowledge, this is the first
randomised controlled trial investigating the effects of supple-
mentation with FO of different quality in healthy, normolipi-
daemic subjects on distribution and composition of lipoprotein
subclasses measured with NMR spectroscopy.
The results from this study may indicate that FO with different

qualities elicit different effects on blood lipids, as previously
suggested(38,39). This can potentially explain why some studies
find reduced total cholesterol and LDL-cholesterol after intake
of FO(9), whereas other studies show no change in total
cholesterol and an increase in LDL-cholesterol after intake of
FO(5,10). In line with the results in this study, one other study

that examined the effects of FO with different qualities on blood
lipids found that only the less oxidised oil reduced cholesterol
levels, and not the oxidised oil or the control(25). In addition, FO
consumption reduced all lipid components in LDL particles,
except TAG, in a study with non-human primates(40).

We showed a 0·1mmol/l reduction and a 0·2mmol/l increase
in LDL-cholesterol following intake of high-quality FO and
oxidised FO, respectively. As the subjects had low baseline
levels of LDL-cholesterol, this change corresponds to −6 and
+19% from baseline. LDL-cholesterol is the most established
risk factor for CVD(41), and reducing cholesterol levels at an
early age provides additional benefit to CVD risk reduction(42).
A 10% reduction in LDL-cholesterol in 40-year-old men has
been associated with a 54% reduced risk of ischaemic heart
disease(43). Thus, the results on LDL-cholesterol might have a
clinical relevance.

We have previously reported that intake of high-quality FO,
oxidised FO and HOSO did not result in a change in serum
lipids(23). When lipids are measured with NMR spectroscopy,
however, the difference between the groups was significant.
With clinical routine measurement of LDL-cholesterol, some
cholesterol from the smallest VLDL subclasses as well as IDL-
cholesterol and Lp(a)-cholesterol is included in this measure(44).
LDL-cholesterol measured with NMR spectroscopy is based on
cholesterol in lipoprotein particles with average size between
18·7 and 25·5 nm, and is thus more specific(35). As a result, the
within group changes we observed in LDL-cholesterol mea-
sured with NMR were smaller and the overall difference
between the groups was statistically significant. It is important
to note that the changes in routine clinical measurement we
previously reported were of the same magnitude and direction
as observed in this study.

The concentration of TAG did not change from baseline to
end of study in the young healthy participants in this study. The
baseline level of TAG was 1·05mmol/l in the oxidised FO
group, and 0·86mmol/l in the high-quality FO group. It has
been reported that the TAG lowering effect of EPA and DHA is
dose dependent and is influenced by baseline TAG levels(10).
Thus, a dose of 1·6 g EPA+DHA/d might not be enough to
further lower TAG in these participants.

The concentration of apoB was reduced after intake of high-
quality FO compared with oxidised FO and HOSO. This
reduction argues that the lowering of lipid constituents in LDL
subclasses did not lead to a reduction of LDL size. Indeed, the
average size of LDL particles tended to increase more for high-
quality FO compared with oxidised FO and HOSO (results not
shown). This finding is in line with studies showing that intake
of marine n-3 fatty acids reduce the level of small dense
LDL(33,45). Hence, the combined results on lipoprotein sub-
classes and apoB after intake of high-quality FO could be
considered antiatherogenic.

CETP transfers cholesteryl esters into VLDL and LDL particles
from HDL in the exchange for TAG. The changes in cholesteryl
esters in IDL and LDL subclasses correlated with the change in
CETP expression in all groups combined. Hence, changes in
CETP expression might be one of the underlying mechanisms
behind the changes in lipoprotein subclasses. As we did
not observe an increase in HDL-cholesterol after intake of
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measured with NMR in healthy subjects receiving capsules with high-oleic
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standard errors represented by vertical bars. * P≤0·05.
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high-quality FO, this might suggest improved reverse choles-
terol transport. A study with hamsters fed a high-fat diet and
injected with radiolabelled cholesterol demonstrated that EPA
and DHA improve reverse cholesterol transport from macro-
phages to faeces. This improved reverse cholesterol transport
was related to increased expression of scavenger receptor-B1 in
liver(46). Furthermore, in a study by Bagdade et al.(47) an 8 week
intervention with n-3 fatty acids in type 1 diabetes patients
reduced cholesteryl ester transfer in serum in vitro, even though
the amount of CETP was increased. This suggests that marine
n-3 fatty acids may inhibit CETP protein activity.
Although the high-quality FO group had a decrease in cho-

lesteryl esters in IDL and LDL subclasses, there was an increase
in these lipids in the oxidised FO group. Cell studies have
shown that the addition of oxidised lipids, that have similar
chemical structures to bile acids, enhance the solubility of
cholesterol and incorporation of cholesterol into micelles.
Similarly, mice fed oxidised lipids had higher serum cholesterol,
probably due to increased uptake of dietary cholesterol(48,49).
This might explain the increase in total cholesterol and
cholesteryl esters in IDL and LDL in the oxidised FO group. This
increase in uptake of dietary cholesterol might have masked the
beneficial effect of EPA and DHA on cholesterol levels in the
oxidised FO group. We did not see an increase in VLDL
cholesteryl esters, except for the smallest VLDL subclass, after
intake of oxidised FO. One possible explanation for this

observation is that blood samples were drawn when subjects
were fasting.

In the HOSO group, the increase of lipid constituents in IDL
and LDL subclasses might be explained by the relatively lower
content of PUFA in the HOSO capsules (8·8 g/100 g) compared
with the oxidised FO capsules (28·4 g/100 g) and high-quality
FO capsules (28·3 g/100 g)(23).

The results in the present study are important and relevant as
it has been shown that as much as 50% or more of the n-3
supplements on the market exceed one or more of the limits set
by the GOED (PV< 5mEq/kg and AV< 20)(14–16,21,22). The high-
quality FO (PV= 4mEq/kg and AV= 3) used in this study thus
represents an oil of good quality compared with the available
over-the-counter supplements and the GOED limits. Because
the oxidised FO (PV= 18mEq/kg and AV= 9) used in this study
was made from a very pure food grade oil, it was difficult to
achieve a high AV. Nevertheless, the oxidised FO used in
the present study is comparable to many commercially avail-
able n-3 supplements.

One weakness of this explorative study might be the lack of
adjustment for multiple comparisons. However, as the variables
are not independent, but measure a continuum of dependent
variables, not adjusting for multiple comparisons might be
reasonable. In addition, as this study was not powered to detect
changes in lipoprotein subclasses, there is a risk for type II
errors. Moreover, we cannot exclude the possibility that the
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frequency of the apoE4 genotype, reported to affect the LDL-
cholesterol response after FO supplementation(11), differed by
random between the intervention groups. This might have
caused the differences we observed in IDL and LDL subclasses,
as it is hypothesised that individuals with the apoE4 genotype
have a lower hepatic uptake of IDL and LDL because of com-
petition with VLDL for the LDL receptor(11). The results in this
study are strengthened by similar effects of the intervention
across all IDL and LDL subclasses. In addition, the changes on
lipoprotein subclass level sum up to a clinically relevant change
in LDL-cholesterol.

Conclusion

Intake of oxidised FO and high-quality FO differently affect
lipid composition in lipoprotein subclasses, with a more
favourable effect mediated by high-quality FO. Hence, in future
trials investigating the health beneficial effects of FO supple-
mentation, it would be useful to report the oxidation levels of
the oils consumed.
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