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Effect of diets rich in either saturated fat or n-6
polyunsaturated fatty acids and supplemented with long-chain
n-3 polyunsaturated fatty acids on plasma lipoprotein profiles
CB Dias1, N Amigo2,3,4, LG Wood5, X Correig2,3 and ML Garg1

BACKGROUND/OBJECTIVES: Abnormalities in lipoprotein profiles (size, distribution and concentration) play an important role in
the pathobiology of atherosclerosis and coronary artery disease. Dietary fat, among other factors, has been demonstrated to
modulate lipoprotein profiles. We aimed to investigate if background dietary fat (saturated, SFA versus omega-6 polyunsaturated
fatty acids, n-6PUFA) was a determinant of the effects of LCn-3PUFA supplementation on lipoprotein profiles.
SUBJECTS/METHODS: A randomized controlled clinical intervention trial in a parallel design was conducted. Healthy subjects
(n= 26) were supplemented with 400 mg eicosapentaenoic acid plus 2000 mg docosahexaenoic acid daily and randomized to
consume diets rich in either SFA or n-6PUFA for a period of 6 weeks. Blood samples, collected at baseline and after 6 weeks of
intervention, were assessed for plasma lipoprotein profiles (lipoprotein size, concentration and distribution in subclasses)
determined using nuclear magnetic resonance spectroscopy.
RESULTS: Study participants receiving the SFA or the n-6PUFA enriched diets consumed similar percentage energy from fat (41 and
42% respectively, P= 0.681). However, subjects on the SFA diet consumed 50% more energy as saturated fat and 77% less as
linoleic acid than those consuming the n-6PUFA diet (Po0.001). The diets rich in SFA and n-6PUFA reduced the concentration of
total very-low-density lipoprotein (VLDL) particles (Po0.001, both), and their subclasses and increased VLDL (P= 0.042 and
P= 0.007, respectively) and LDL (P= 0.030 and 0.027, respectively) particle size. In addition, plasma triglyceride concentration was
significantly reduced by LCn-3PUFA supplementation irrespective of the dietary fat.
CONCLUSIONS: LCn-3PUFA modulated lipoprotein profiles in a similar fashion when supplemented in diets rich in either SFA or
n-6PUFA.
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INTRODUCTION
Abnormalities in lipoprotein profiles have been associated with
coronary heart disease risk in men1 and women.2–5 Evidence
suggests that coronary heart disease risk is increased by larger
very-low-density lipoprotein (VLDL) particle sizes, smaller high-
density lipoprotein (HDL) and LDL particle sizes, and increased
concentration of small LDL and large VLDL particles; although the
ideal lipoprotein profiles for the prevention of coronary heart
disease may vary according to age, gender and health status.1,6

A variety of factors can modulate lipoprotein profiles, including
dietary habits7 or physical activity.8

Long-chain omega-3 polyunsaturated fatty acids (LCn-3PUFA),
despite some controversy,9 are well known for their health
benefits, particularly in the prevention of coronary heart disease,
due to their capacity to help manage hyperlipidaemia,10

inflammation11 and platelet aggregation,11,12 as well as their
potential to modulate lipoprotein profiles. Dietary supplementa-
tion with LCn-3PUFA has been shown to decrease the concentra-
tion of small HDL particles,13 and increase the concentration of
large HDL particles13–15 and the average HDL particle size,16

although change in HDL particle size has not been observed in all

studies.15,17 LCn-3PUFA supplementation has also been shown to
decrease VLDL particle size15,18 and large and medium VLDL
particle concentration.14 However, the effect of LCn-3PUFA
supplementation on the LDL profile is heterogeneous. Some
authors suggest an increase in LDL particle size,15,19,20 while others
have not observed change in LDL size17,21–23 or have even
observed a decrease in particle size.13 The literature also suggests
an increase in the concentration of medium and large LDL
particles, and a decrease in small particles, despite no change in
the average size of the particles.14,15,22

In all the above mentioned studies involving LCn-3PUFA
supplementation and lipoprotein profiles, little attention has
been given to the other components of the diet, especially the
amount and type of the fats consumed. The human diet
comprises a mixture of fats and even after supplementation
and increase in seafood consumption, LCn-3PUFA remains a
minor proportion of the total fat consumed. We have recently
demonstrated that LCn-3PUFA are incorporated in plasma and
erythrocytes to a greater extent when consumed with a diet
rich in saturated fats compared to a diet rich in n-6PUFA.24 The
aim of this study was to examine whether the background
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dietary fat-induced changes in lipoprotein concentration, size
and subclass distribution are modulated by co-supplementation
with LCn-3PUFA.

SUBJECTS AND METHODS
Subjects
Healthy adults aged between 18 and 65 years were recruited. Subjects
were excluded if they were using lipid-lowering drugs (for example, statins)
or fish oil supplements; regularly consuming two or more fish meals per
week; had any history of stroke, congestive heart failure, coronary artery
bypass graft, myocardial infarction, or atherosclerotic cardiovascular
disease; had diabetes, liver or gastrointestinal disease; were smokers;
were pregnant or breastfeeding.

Study design
This randomized, parallel design, dietary intervention trial has been
previously described.24 In summary, subjects were randomized using
computer-generated random tables to diets supplemented with LCn-
3PUFA and either enriched with saturated fatty acids (SFA+LCn-3PUFA
diet) or n-6PUFA (n-6PUFA+LCn-3PUFA diet). Subjects in the SFA+LCn-
3PUFA diet group consumed daily 24 g of butter, 40 g of white chocolate
(30 g fat, 20.9 g saturated fat) and 4× 1g fish oil capsules (100 mg
eicosapentaenoic acid (EPA) and 500 mg docosahexaenoic acid (DHA)
each (EPAX 1050TG, Norway)). Participants were also encouraged to
consume foods containing SFA, while reducing n-6PUFA intake. Subjects
on the n-6PUFA+LCn-3PUFA diet received 20 g of margarine, 42 g of
sunflower seeds (30 g fat, 20 g n-6PUFA) daily and 4× 1g fish oil capsules.
They were also guided on how to increase consumption of foods
containing n-6PUFA while reducing SFA intake. All subjects were advised
to maintain other aspect of their habitual diet and their usual physical
activity status. Before starting and on their last week on the intervention,
subjects completed a 3-day food record (2 week days and 1 weekend day),
a physical activity questionnaire and a medical questionnaire, which
included current medications and supplements, illnesses and alcohol
consumption. FoodWorks 7 Professional (Xyris software, Brisbane, QLD,
Australia) was used to assess the food records. A fasting blood sample was
collected in EDTA vacutainers at baseline and following 6 weeks of dietary
supplementation, and plasma lipoprotein profiles were determined. Blood
samples were also analysed for fatty acids as previously reported.24

Subjects were asked to refrain from vigorous exercise and alcohol
consumption for 24 h prior to the study day and fasted for at least 10 h
prior to each blood collection. The study was carried out in accordance
with the guidelines provided in the Declaration of Helsinki. The study
protocol was approved by the University of Newcastle’s Human Research
Ethics Committee (protocol H-2012-0117) and registered with the Australia
New Zealand Trial registry (identification number ACTRN12613000962730,
http://www.anzctr.org.au/). All participants gave written consent prior to
participation.
Adherence to the dietary supplementation was determined by counting

the left-over LCn-3PUFA capsules and interventional food products
provided (butter, white chocolate, margarine and sunflower seeds),
querying subjects about their food intake, assessing subjects’ dietary
records and analysis of plasma fatty acid composition. None of the
participants reported any signs of intolerance to the supplements or the
study foods.

Plasma lipoprotein profiles
Blood samples were centrifuged (1000 g×15 min at 4 °C) immediately
after collection to separate plasma from erythrocytes and the fractions
were stored at − 80 °C until analysed.
Plasma samples were analysed for lipoprotein profiles using nuclear

magnetic resonance spectroscopy (NMR) at Biosfer Teslab (Reus, Spain).
The detailed methods for the determination of lipoprotein profiles (size,
concentration and subclass distribution) has been reported previously.25

Lipid volumes were calculated by using common conversion factors to
convert concentration units into volume units.26 The size range for
different lipoprotein subclasses corresponded to: large VLDL, 68.5–
95.9 nm; medium VLDL, 47–68.5 nm; small VLDL, 32.5–47 nm; very large
LDL, 24–32.5 nm; medium-large LDL, 20.5–24 nm; small LDL, 17.5–20.5 nm;
very large HDL, 10.5–13.5 nm; medium-large HDL, 8.5–10.5 nm; and small
HDL, 7.5–8.5 nm.

Statistical analysis
This study was primarily designed to assess blood lipid levels, discussed in
Dias et al.24 Thirteen subjects were necessary to cause a 30% (0.45 mmol/l)
decrease in fasting plasma triglycerides with 0.387 mmol/l of s.d., 0.05 of
significance level and 80% power.
All data are presented as median and interquartile range, and non-

parametric statistical tests were employed on the analysis. Kruskal–Wallis
test was used for baseline comparisons. Data at baseline and 6 weeks were
compared within groups using Wilcoxon signed-rank test and data on
change were compared between groups using Kruskal–Wallis test.
Statistical analysis were performed using Mat Lab R2010a (MathWorks,
Natick, MA, USA) and P-values o0.05 were considered statistically
significant.

RESULTS
From the 33 subjects who completed the intervention period (18
on the SFA+LCn-3PUFA diet and 15 on the n-6PUFA+LCn-3PUFA
diet), 7 failed to adhere to the intervention diets or the
supplementation (compliance o80%) and were, therefore,
excluded from the data analysis (Figure 1). Twenty six healthy
subjects were then included in the statistical analysis, 14 subjects
on the SFA+LCn-3PUFA diet (3 males and 11 females) and 12 on
the n-6PUFA+LCn-3PUFA diet (3 males and 9 females).
The concentration of LCn-3PUFA in the fish oil capsules

supplemented, measured using gas chromatography,27 was
470% total LCn-3PUFA (14.3% EPA and 58.8% DHA) as previously
described.24

Subjects’ general characteristics, dietary intake, and plasma and
erythrocyte fatty acid composition have been discussed pre-
viously; the full discussion and other supporting materials are
available in Dias et al.24 and summary tables are also available in
the Supplementary Material (Tables SM.1–SM.3). In summary,
subjects on the SFA+LCn-3PUFA and the n-6PUFA+LCn-3PUFA
diet did not differ significantly in age (40.0 (15.0) and 43.5 (27.5),
respectively), body mass index (22.2 (4.9) and 22.7 (4.3),
respectively), percentage body fat (26.2 (18.5) and 26.4 (10.6),
respectively) and blood lipids at baseline. As expected participants
randomized to the SFA+LCn-3PUFA diet increased saturated fat
and decreased linoleic acid intake (Po0.01, both), while
participants randomized to the n-6PUFA+LCn-3PUFA diet
increased linoleic acid and decreased saturated fat intake
(Po0.01, both) compared to baseline values. Changes in dietary
protein, total fat, carbohydrates and cholesterol did not differ
significantly between dietary groups. There were no significant
differences in plasma fatty acids between the two groups at
baseline, except for percentage DHA that was significantly greater
in the plasma of subjects randomized to the SFA+LCn-3PUFA diet.
Changes in dietary patterns and plasma fatty acids suggest that
participants complied with the study protocol. Change in plasma
LCn-3PUFA (including EPA, docosapentaenoic acid and DHA) was
significantly greater (Po0.05) after the consumption of the SFA
+LCn-3PUFA diet compared to the n-6PUFA+LCn-3PUFA diet.
There was also a significant increase in percentage linoleic acid
and a concomitant decrease in percentage arachidonic acid (AA)
after the consumption of n-6PUFA+LCn-3PUFA diet, while no
significant change in linoleic acid and AA was observed after the
SFA+LCn-3PUFA diet.
Lipoprotein profiles at baseline were not significantly different

between groups (Tables 1 and 2). Both diets decreased
cholesterol and triglyceride concentrations in VLDL particles
(n-SFA+LCn-3PUFA diet, Po0.001; n-6PUFA+LCn-3PUFA diet
P= 0.002 and Po0.001, respectively). After the n-6PUFA+LCn-
3PUFA diet, there was a significant decrease in cholesterol and
triglyceride levels in intermediate-density lipoprotein particles
(P= 0.001 for both). After the SFA+LCn-3PUFA, there was a
significant increase in the concentration of LDL triglycerides
(P= 0.002). In addition, subjects on the SFA+LCn-3PUFA diet
presented significantly higher triglyceride levels in
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intermediate-density lipoprotein and LDL particles after inter-
vention than subjects on the n-6PUFA+LCn-3PUFA. There was
also an increase in cholesterol levels in HDL particles after
consumption of both diets, although this increase was

significant only for subjects consuming the n-6PUFA-LCn-3PUFA
diet (P = 0.012) (Table 1).
Total, large, medium and small VLDL particles were decreased

after the consumption of both diets (n-SFA+LCn-3PUFA diet,

Table 1. Plasma lipid concentrations of subjects at pre and post intervention, measured using nuclear magnetic resonance spectroscopy

mmol/l Pre-intervention Post-intervention Δ Change P-valuea

VLDL-C SFA+LCn-3PUFA 0.12 (0.12) 0.02 (0.02) −0.05 (0.08)b 0.129
n-6PUFA+LCn-3PUFA 0.14 (0.15) 0.02 (0.07) −0.11 (0.15)b

IDL-C SFA+LCn-3PUFA 0.09 (0.06) 0.09 (0.06) − 0.01 (0.06) 0.076
n-6PUFA+LCn-3PUFA 0.09 (0.07) 0.04 (0.07) −0.04 (0.08)b

LDL-C SFA+LCn-3PUFA 2.70 (0.51) 2.71 (0.59) 0.13 (0.57) 0.425
n-6PUFA+LCn-3PUFA 2.50 (0.72) 2.43 (0.29) 0.01 (0.47)

HDL-C SFA+LCn-3PUFA 1.39 (0.40) 1.55 (0.23) 0.07 (0.32) 0.857
n-6PUFA+LCn-3PUFA 1.24 (0.45) 1.27 (0.58) 0.08 (0.17)b

Total C SFA+LCn-3PUFA 4.23 (0.78) 4.57 (1.09) 0.13 (0.67) 0.355
n-6PUFA+LCn-3PUFA 4.01 (0.93) 3.99 (0.57) − 0.06 (0.49)

VLDL-TG SFA+LCn-3PUFA 0.44 (0.30) 0.29 (0.27) −0.17 (0.18)b 0.857
n-6PUFA+LCn-3PUFA 0.46 (0.11) 0.29 (0.15) −0.20 (0.18)b

IDL-TG SFA+LCn-3PUFA 0.06 (0.02) 0.05 (0.02) − 0.00 (0.02) 0.033
n-6PUFA+LCn-3PUFA 0.06 (0.02) 0.06 (0.02) −0.02 (0.02)b

LDL-TG SFA+LCn-3PUFA 0.12 (0.15) 0.12 (0.09) 0.02 (0.02)b 0.042
n-6PUFA+LCn-3PUFA 0.10 (0.06) 0.11 (0.03) − 0.01 (0.04)

HDL-TG SFA+LCn-3PUFA 0.04 (0.08) 0.05 (0.05) 0.01 (0.03) 0.117
n-6PUFA+LCn-3PUFA 0.06 (0.05) 0.05 (0.04) − 0.01 (0.03)

Total TG SFA+LCn-3PUFA 0.70 (0.20) 0.54 (0.24) −0.16 (0.24)b 0.503
n-6PUFA+LCn-3PUFA 0.67 (0.18) 0.49 (0.15) −0.19 (0.28)b

Abbreviations: C, cholesterol; HDL, high-density lipoprotein; IDL, intermediate-density lipoprotein; LCn-3PUFA, long-chain omega-3 polyunsaturated fatty acids;
LDL, low-density lipoprotein; n-6PUFA, omega-6 polyunsaturated fatty acid; SFA, saturated fatty acid; TG, triglycerides; VLDL, very-low-density lipoprotein. aP-values
for comparison of change values between diets. bSignificant difference between pre and post intervention (Po0.05). Data presented as median (interquartile
range) for the SFA+LCn-3PUFA diet (n= 14; 3 males and 11 females) and the n-6PUFA+LCn-3PUFA diet (n=12; 3 males and 9 females). Bold values in the delta-
change column indicate significant difference between pre and post intervention (Po0.05). Bold values in the P-value column indicate Po0.05.

Figure 1. Enrolment schedule for the interventional trial.
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Po0.001, P= 0.025, Po0.001 and Po0.001; n-6PUFA+LCn-3PUFA
diet, Po0.001, respectively). A decrease was also observed in very
large HDL particles after both diets (n-SFA+LCn-3PUFA diet,
P= 0.01; n-6PUFA+LCn-3PUFA diet, Po0.001, respectively), with
no change in total HDL particle concentration and a tendency for
increase in medium-large HDL particles after the SFA+LCn-3PUFA
(P= 0.058) and the n-6PUFA+LCn-3PUFA (P= 0.064) diet. After the
SFA+LCn-3PUFA, there was a significant increase in the concen-
tration of medium-large LDL particles (P= 0.011). However, change
in medium-large LDL was not significantly different between the
two diets. Increases in VLDL and LDL particle size were not
significantly different between both diets (Table 2). For all other
parameters, there was no significant difference between diets.

DISCUSSION
The present intervention trial was designed to evaluate the effect
of diets enriched with either SFA or n-6PUFA, and supplemented
with LCn-3PUFA, on lipoprotein profiles as a secondary outcome.
Both diets produced similar changes in lipoprotein profiles,
suggesting that neither SFA nor n-6PUFA modulate LCn-3PUFA-
induced changes in lipoprotein profiles. In addition, both diets
increased LDL particle size and profile that has been associated
with a reduced risk for atherosclerosis in epidemiological studies.

Subjects consuming either of the diets presented comparable
reductions in total, large, medium and small VLDL particle
concentrations, as well as in VLDL triglycerides, consistent with
the decrease in total triglycerides and VLDL particle concentration
following LCn-3PUFA supplementation observed in other
studies.23,28,29 Decrease in plasma triglycerides and VLDL particles
have been associated with a protective profile against athero-
sclerosis and cardiovascular disease risk.6,30 Supplementation with
n-3PUFA has been shown to inhibit VLDL synthesis31 and
secretion by the liver,32 improve VLDL clearance,33 and enhance
VLDL conversion to LDL.29 One of the mechanisms by which LCn-
3PUFA may act is the stimulation of lipoprotein lipase expression;
resulting in triglyceride hydrolysis in chylomicrons and VLDL
particles, forming lipoprotein remnants (small VLDL and
intermediate-density lipoprotein particles). Lipoprotein remnants
have more affinity to the LDL receptor (LDL-r),28,34 and compete
with LDL particles for clearance.35,36 In addition, both LCn-3PUFA
and SFA decrease expression of hepatic LDL-r,33,37 also explaining
the increase in large LDL particle concentration after consumption
of the SFA+LCn-3PUFA diet. N-6PUFA are also known to reduce
circulating VLDL particle concentration, by increasing VLDL uptake
and lipolysis.38 The n-6PUFA lipolysis effect in VLDL may also
explain the reduction in triglycerides in intermediate-density
lipoprotein particles that occurred after the consumption of the
n-6PUFA+LCn-3PUFA diet, but not after the SFA+LCn-3PUFA diet.

Table 2. Lipoprotein profiles (distribution in subclasses, concentration and size) of subjects at pre and post intervention

Pre-intervention Post-intervention Δ Change P-valuea P-valueb

Particle concentrations
VLDL-P (nmol/l) SFA+LCn-3PUFA 23.93 (17.27) 13.85 (16.28) −10.85 (9.53) o0.001 0.939

n-6PUFA+LCn-3PUFA 26.03 (8.76) 13.63 (9.09) −13.34 (12.53) o0.001
Large VLDL-P (nmol/l) SFA+LCn-3PUFA 0.73 (0.26) 0.55 (0.45) −0.20 (0.33) 0.025 0.625

n-6PUFA+LCn-3PUFA 0.77 (0.31) 0.57 (0.25) −0.21 (0.24) o0.001
Medium VLDL-P (nmol/l) SFA+LCn-3PUFA 3.77 (2.36) 2.32 (1.90) −1.44 (1.74) o0.001 0.979

n-6PUFA+LCn-3PUFA 4.01 (1.19) 2.40 (1.09) −1.80 (1.58) o0.001
Small VLDL-P (nmol/l) SFA+LCn-3PUFA 19.35 (14.74) 10.77 (14.01) −9.33 (7.91) o0.001 0.898

n-6PUFA+LCn-3PUFA 20.96 (7.46) 10.45 (6.67) −11.28 (10.65) o0.001
LDL-P (nmol/l) SFA+LCn-3PUFA 725.96 (126.18) 739.01 (189.47) 39.61 (159.37) 0.173 0.292

n-6PUFA+LCn-3PUFA 682.61 (210.32) 667.68 (79.54) 2.47 (146.53) 0.91
Very large LDL-P (nmol/l) SFA+LCn-3PUFA 107.87 (28.98) 108.69 (39.00) 7.13 (20.71) 0.119 0.341

n-6PUFA+LCn-3PUFA 99.90 (27.19) 100.14 (15.63) 1.50 (14.08) 0.301
Medium-large LDL-P (nmol/l) SFA+LCn-3PUFA 243.37 (54.73) 249.17 (72.74) 21.51 (47.64) 0.011 0.173

n-6PUFA+LCn-3PUFA 229.28 (66.87) 235.70 (42.65) 3.85 (32.93) 0.519
Small LDL-P (nmol/l) SFA+LCn-3PUFA 380.24 (88.79) 388.19 (100.45) 6.53 (88.01) 0.426 0.341

n-6PUFA+LCn-3PUFA 352.99 (105.16) 328.79 (46.41) − 5.32 (90.16) 0.519
HDL-P (μmol/l) SFA+LCn-3PUFA 24.44 (6.79) 27.13 (3.99) 1.40 (4.35) 0.173 1.000

n-6PUFA+LCn-3PUFA 23.10 (6.43) 23.32 (9.35) 0.60 (1.97) 0.077
Very large HDL-P (μmol/l) SFA+LCn-3PUFA 0.10 (0.07) 0.06 (0.06) −0.04 (0.05) 0.011 0.738

n-6PUFA+LCn-3PUFA 0.10 (0.05) 0.06 (0.05) −0.05 (0.05) o0.001
Medium-large HDL-P (μmol/l) SFA+LCn-3PUFA 8.11 (1.36) 8.95 (1.41) 0.56 (1.63) 0.058 1.000

n-6PUFA+LCn-3PUFA 7.03 (2.52) 7.54 (3.71) 0.65 (1.06) 0.064
Small HDL-P (μmol/l) SFA+LCn-3PUFA 16.53 (4.03) 18.00 (2.21) 0.95 (3.30) 0.217 0.817

n-6PUFA+LCn-3PUFA 15.96 (4.26) 15.83 (6.21) 0.06 (1.26) 0.519

Lipoprotein particle size (nm)
VLDL-Z SFA+LCn-3PUFA 42.17 (0.53) 42.48 (0.67) 0.27 (0.45) 0.042 0.662

n-6PUFA+LCn-3PUFA 42.22 (0.62) 42.46 (0.80) 0.37 (0.46) 0.007
LDL-Z SFA+LCn-3PUFA 21.11 (0.10) 21.16 (0.15) 0.04 (0.08) 0.030 0.341

n-6PUFA+LCn-3PUFA 21.11 (0.08) 21.16 (0.12) 0.06 (0.10) 0.027
HDL-Z SFA+LCn-3PUFA 8.23 (0.03) 8.24 (0.05) 0.00 (0.04) 0.670 0.662

n-6PUFA+LCn-3PUFA 8.23 (0.01) 8.22 (0.04) −0.01 (0.05) 0.970

Abbreviations: HDL, high-density lipoprotein; IDL, intermediate-density lipoprotein; LCn-3PUFA, long-chain omega-3 polyunsaturated fatty acids; LDL, low-
density lipoprotein; n-6PUFA, omega-6 polyunsaturated fatty acid; P, particle; SFA, saturated fatty acid; VLDL, very-low-density lipoprotein; Z, size (diameter
in nm). aP-values for comparison between pre and post intervention. bP-values for comparison of change values between diets. Data presented as median
(interquartile range) for the SFA+LCn-3PUFA diet (n= 14; 3 males and 11 females) and the n-6PUFA+LCn-3PUFA diet (n= 12; 3 males and 9 females). Bold values
in delta-change and P-value (a) indicate significant difference for comparison between pre and post intervention (Po0.05). Bold values for the P-value (b)
column represent significant difference for comparison of values between diets.
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Despite the VLDL lowering ability of both n-6 and LCn-3PUFA, the
n-6PUFA+LCn-3PUFA diet did not affect VLDL particle concentra-
tion and subclass distribution differently than the SFA+LCn-3PUFA
diet, suggesting no increased benefit obtained in VLDL particle
modulation by combining n-6 and LCn-3PUFA.
N-6PUFA have also been demonstrated to reduce plasma LDL

particle concentration by increasing the fractional catabolism of
apoB-100,39 the main apolipoprotein in VLDL and LDL particles,
and by increasing LDL-r transcription and synthesis.35,40 However,
no significant change was observed in LDL particle concentration
or distribution after the consumption of the n-6PUFA+LCn-3PUFA
diet in our study, suggesting that LCn-3PUFA may have
neutralized the LDL lowering effect of n-6PUFA.
The size of VLDL particles increased in both groups, conflicting

with findings from Mostad et al.21 and Maki et al.,41 who observed
a decrease in VLDL particle size in type II diabetes and
hypercholesteraemic patients, respectively, after supplementation
with LCn-3PUFA compared to placebo (corn oil and soya oil,
respectively). This may suggest that either both background
dietary fats (n-6PUFA and SFA) suppress the ability of LCn-3PUFA
to reduce VLDL size or LCn-3PUFA modulate VLDL size differently
in healthy subjects.
After the consumption of both diets, there was an increase in

LDL size and medium-large LDL particle concentration. Epidemio-
logical studies suggest that serum LCn-3PUFA level is positively
correlated with LDL particle size.7,42 Furthermore, intervention
trials suggested an increase in LDL particle size,43 especially when
DHA is supplemented in the diet.13 The increase in medium-large
LDL particle concentration is also consistent with previously
published studies.14,22

No change in total HDL particle concentration was observed,
despite a decrease in very large HDL particle concentration.
Indeed, there was a trend for an increase in medium-large HDL
particle concentration after both diets, which counter-balanced
the decrease of very large HDL particles. This is consistent with
previous epidemiological and interventional studies. In epidemio-
logical studies, a positive correlation between dietary LCn-3PUFA
and serum large HDL particle concentration was observed.7,44 In
interventional trials, an increase in large HDL particle concentra-
tion was observed in the plasma of mildly and hypercholester-
olemic subjects during a DHA supplementation trial,13,14 and no
change in plasma small, medium or large HDL particles after
supplementation with EPA.17 The very large HDL particles (10.5–
13.5 nm) in the present intervention are just a small proportion of
the total HDL particles and even a small change in magnitude may
result in a significant change. Nevertheless, medium-large HDL
particles (8.5–10.5 nm) represent mature HDL particles and
therefore active in the reverse transport of cholesterol, conferring
a profile protective against atherosclerosis risk.
The decrease in very large HDL particles after consumption of

both diets is consistent with an increase in the activity of
cholesteryl ester transfer protein caused by LCn-3PUFA supple-
mentation, especially DHA.37 An increase in cholesteryl ester
transfer protein activity consequently increases the exchange of
cholesterol from HDL particles for triglycerides from VLDL
particles, improving the reverse cholesterol transport and
facilitating the conversion of VLDL to LDL. This mechanism may
also be responsible for the concomitant decrease in VLDL particles
and increase in LDL triglycerides. Triglyceride-rich HDL particles
have their triglycerides hydrolysed by hepatic lipase, which may
explain the shift in the subclass distribution of HDL particles.45

Comparison between the different studies performed on
lipoprotein profiles is limited by the lack of standardization
between the different analytical methods used for the determina-
tion of lipoprotein profiles,46 although the gap between methods
has been closing with recent studies.47 Furthermore, the literature
on the classification of lipoprotein subclasses according to their
diameter and density is heterogeneous. The method used was

limited by the fact that intermediate-density particles were not
measured separately,25 but were combined with very large LDL
particles. However, large and small LDL subclasses and VLDL
particles seem to be of more importance to atherosclerosis
management.1 Another limitation in the discussion about the
effect of LCn-3PUFA on lipoprotein profiles is the difference in
composition and dose of LCn-3PUFA used across different studies,
as well as the lack of dietary information. In addition, sample size
and power were calculated for determining change in plasma
triglycerides and not specifically for determining changes in
lipoprotein profiles. Thus, the sample size may have been small to
assess differences in lipoprotein profiles, as the changes are small
in magnitude, especially for HDL profile. The results may also have
been confounded by sex- and age-dependent effects, as a mixed
population was assessed. Moreover, it is possible that a small
increase in LCn-3PUFA in tissues may produce a desirable effect
on lipoprotein profiles that is not improved with a further increase
in LCn-3PUFA. In which case, the high LCn-3PUFA dose may have
masked the effects of the background dietary fat consumed.
In conclusion, a background diet rich in saturated fatty acids

versus n-6PUFA did not modulate the effect of LCn-3PUFA on
lipoprotein profiles, despite the enhanced LCn-3PUFA incorpora-
tion into plasma and erythrocyte lipids with consumption of a diet
rich in saturated fatty acids compared to n-6PUFA.24 Further
investigation of the interaction of LCn-3PUFA with saturated fats is
warranted, to clarify the role of LCn-3PUFA status in modulating
dietary SFA-induced changes in circulating lipoproteins. However,
the changes to lipoprotein profiles observed suggest an improve-
ment towards a less atherogenic profile after intervention with
both diets, supporting the hypothesis that a diet rich in saturated
fatty acids does not modulate cardiovascular risk factors
differently than a diet rich in n-6PUFA when an adequate amount
of LCn-3PUFA is consumed. Furthermore, sex differences, as well
as age, dose and intervention length, should be considered in
future studies.
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