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Abbreviations
CVD	� Cardiovascular disease
DHA	� Docosahexaenoic acid
EDTA	� Ethylenediaminetetraacetic acid
EPA	� Eicosapentaenoic acid
HDL-C	� High density lipoprotein cholesterol
iAUC	� Incremental area under the curve
LCn-3PUFA	� Long chain omega-3 polyunsaturated fatty 

acids
LDL-C	� Low density lipoprotein cholesterol
PUFA	� Polyunsaturated fatty acids
n-3PUFA	� Omega-3 polyunsaturated fatty acids
n-6PUFA	� Omega-3 polyunsaturated fatty acids
SFA	� Saturated fat

Introduction

Since the 1940s, research on dietary saturated fats (SFA) 
has suggested adverse effects on health [1–3]. How-
ever, the data is heterogeneous and both epidemiological 
and interventional studies have produced contradictory 
results. Most studies have observed that SFA were posi-
tively associated with blood lipids and chronic disease 
risk [4–6], although some have found no association [7–
13] or even a negative association [14, 15]. On the con-
trary, polyunsaturated fatty acids (PUFA) have been asso-
ciated with protective effects on health and suggested as 
an alternative for saturated fat consumption, although 
not all PUFA have the same protective effects. Omega-3 
polyunsaturated fatty acids (n-3PUFA) are known for 
their potential in the management of hyperlipidaemia 
[16, 17] and for their anti-arrhythmic [18, 19], anti-
aggregatory [20] and anti-inflammatory potential, there-
fore contributing to the prevention of chronic diseases 
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such as coronary heart disease [21]. However, omega-6 
polyunsaturated fatty acids (n-6PUFA) are precursors of 
pro-inflammatory eicosanoids and although their choles-
terol-lowering benefits have been reported [2, 22, 23], 
an increase in their intake has also been associated with 
an increase in the death rate from cardiovascular dis-
ease, coronary heart disease and all-cause mortality [24]. 
Additionally, the competition between n-3 and n-6PUFA 
has been broadly discussed [25–33] and it is well known 
that the n-6PUFA metabolism is favoured over n-3PUFA 
metabolism. The impact on blood lipid levels of a diet 
combining n-6PUFA and n-3PUFA has not being ana-
lysed in human trials.

Studies using animal models have indicated that satu-
rated fats raise blood lipid levels only when the diet is 
deficient in n-3PUFA [34, 35]. Furthermore, chronic and 
acute interventional studies with healthy subjects dem-
onstrated lower blood triacylglycerol (TAG) [36, 37] 
after consuming a combination of SFA and long chain 
n-3PUFA (LCn-3PUFA) when compared with an SFA 
diet or meal.

Postprandial studies comparing saturated fat-rich 
meals and n-6PUFA-rich meals are contradictory and 
do not consider n-3PUFA on the meal or in the subject’s 
daily diet. Some authors have observed no difference in 
postprandial plasma TAG in men who were healthy, over-
weight or with metabolic syndrome [38, 39] consum-
ing high SFA (dairy-based) or n-6PUFA (vegetable oil) 
meals. While one study observed postprandially lower 
plasma TAG [40] and another observed higher plasma 
TAG [41] after consuming a high SFA meal (butter and 
palm oil +  coconut butter, respectively), both compared 
to a high n-6PUFA meal. Furthermore, plasma choles-
terol was not assessed in any postprandial study compar-
ing SFA and n-6PUFA.

To date, the postprandial effects of a combination of 
LCn-3PUFA with different background fat types on blood 
lipids have not been studied in humans. Different fat types 
are usually considered in isolation, although consumed in 
combination in usual diets. Furthermore, dietary and post-
prandial effects of high n-6PUFA or SFA intake supple-
mented with LCn-3PUFA have also not been directly com-
pared in human studies, although analysed individually in 
separate studies [36, 37, 42]. We have previously hypoth-
esised that saturated fat consumption would not raise 
blood lipid levels if the diet was sufficient in n-3PUFA 
[43]. Therefore, in this study, we examined blood lipid lev-
els [total cholesterol, high density lipoprotein cholesterol 
(HDL-C), low density lipoprotein cholesterol (LDL-C) and 
TAG] and LCn-3PUFA levels in plasma when the back-
ground fat of the meal was high either in saturated fat or in 
n-6PUFA.

Materials and Methods

Participants

The study population consisted of 26 healthy adults (18 
women and 8 men) aged between 18 and 65 years. Partici-
pants were excluded if they were using lipid-lowering drugs 
(e.g. statins); had consumed fish oil supplements regularly 
within the past month; had regular consumption of two or 
more fish meals a week over the past month; had any his-
tory of congestive heart failure, stroke, myocardial infarc-
tion, coronary artery bypass graft, or atherosclerotic CVD; 
had history of diabetes; had history of gastrointestinal or 
liver disease; were smokers; or were pregnant or breast 
feeding. The number of study subjects was calculated to 
obtain 80  % power and produce a significant increase in 
plasma total cholesterol of about 5 % with standard devia-
tion of 0.5  mmol/L [44]; and 22 participants were neces-
sary to produce the desired effect.

Study Design

The study was a randomised controlled, cross-over, acute 
postprandial study. Following an overnight fast, par-
ticipants visited the university on two occasions and con-
sumed one of two meals, consisting of 150  g mashed 
potato mixed with either 38  g butter (SFA meal) or 32  g 
sunflower oil (n-6PUFA meal). Two hundred millilitres of 
water and 3 ×  1  g fish oil capsules [100:500  mg eicosa-
pentaenoic acid (EPA)/docosahexaenoic acid (DHA) 
(EPAX 1050TG, Norway)] were also consumed as part of 
each of the meals. A similar dose of LCn-3PUFA (1.5 g) 
has been shown to be effective in a previous postprandial 
study [45]. The SFA meal contained 19  g carbohydrates, 
3.8 g protein and 31.8 g fat (20.6 g saturated, 8.3 g mono-
unsaturated, 0.7  g n-6PUFA and 2.1 g n-3PUFA) and the 
n-6PUFA meal contained 18.8 g carbohydrates, 3.5 g pro-
tein and 32.2 g fat (3.4 g saturated, 8 g monounsaturated, 
19.1  g n-6PUFA and 1.9  g n-3PUFA). Test meals were 
consumed within 15  min. Blood was collected after an 
overnight fast and 1, 3, 4 and 6 h post meal consumption. 
Following a minimum of 1-week washout period, the same 
procedure was repeated, after consumption of the alternate 
meal. A 24-h food recall was used to measure the partici-
pants’ nutrient intake prior to the study meal. Blood lipid 
profile (total cholesterol, LDL-C, HDL-C and TAG) was 
measured at each time point. All volunteers gave written 
informed consent before participation. The University of 
Newcastle Human Research Ethics Committee approved 
the study (protocol H-2012-0117), and the study was reg-
istered with the Australia New Zealand Trial registry as 
ACTRN12612000654853.
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Plasma Lipid Profile

Blood was collected in lithium heparin vacutainers, plasma 
was immediately separated from erythrocytes by centrifu-
gation (3,000g ×  10  min at 4  °C) and analysed for lipid 
profile (total cholesterol, LDL-C and HDL-C and TAG) by 
the Hunter New England Area Pathology Service.

Plasma Fatty Acid Composition

Blood was collected in EDTA vacutainers and plasma was 
immediately separated from the erythrocytes by centrifuga-
tion (1,000g × 15 min at 4 °C) and stored at −80 °C until 
analysis. Incorporation of fatty acids into plasma was deter-
mined using gas chromatography following transesterifica-
tion. Fatty acids were methylated according to the method 
reported by Lepage and Roy [46] and C:19 was used as an 
internal standard; the methyl ester products were then sepa-
rated, identified and quantified using a 30  m ×  0.25  mm 
(DB-225) fused carbon–silica column, coated with cyano-
propylphenyl (J & W Scientific, Folsom, CA) and Hewlett 
Packard 6890A series gas chromatograph with Chemsta-
tions Version A.04.02 for gas chromatographic analysis 
[47]. Fatty acid peaks were identified by comparison with 
standard mixtures of fatty acid methyl esters of known 
composition and concentration.

Statistical Analysis

Postprandial lipemia and plasma LCn-3PUFA were meas-
ured for each time point and the incremental area under the 
curve (iAUC) determined using the trapezoidal rule. All 
data is presented as mean and standard deviation. Meas-
urements obtained for area were compared using paired t 
test and Wilcoxon signed-rank test for parametric and non-
parametric data, respectively. The two-way analysis of vari-
ance with repeated measurements was applied to analyse 

meal effect over time (interaction meal  ×  time) and the 
one-way analysis of variance with repeated measurements 
was applied to analyse the existence of difference between 
baseline and subsequent time points within meal. Change 
from baseline to each time point within meal was assessed 
using paired t test and Wilcoxon signed-rank test for para-
metric and non-parametric data, respectively. For all tests a 
P value lower than 0.05 was considered statistically signifi-
cant. Stata IC 11.2 (StataCorp LP) was used to perform the 
statistical analysis.

Results

Twenty-six healthy subjects (18 womens and 8 mens) par-
ticipated in the study. Their general characteristics, as an 
average over their their visits, are presented in Table 1. All 
participants consumed both meals and did not show any 
sign of intolerance to the meals or supplements.

At baseline men and women did not differ significantly 
in age, body mass index (BMI) and blood levels of TAG, 
LDL-C and LCn-3PUFA (Table 1). However, women pre-
sented with a higher percentage body fat, total cholesterol 
and HDL-C than men (Table 1). Nutrient intake of subjects 
the day before each dietary intervention is presented in 
Table 2 and did not differ between test meals. Postprandial 
change in total SFA was significantly higher (P  <  0.001) 
after the SFA meal, while change in total n-6PUFA was 
significantly higher (P  <  0.001) after the n-6PUFA meal 
(data not shown).

Postprandial metabolic measures following the two 
meals consumed for all subjects, men and women are pre-
sented in Table 3. When comparing the two test meals for 
all subjects, no significant difference was observed in iAUC 
for plasma TAG, total cholesterol, LDL-C, HDL-C and 
LCn-3PUFA. However, iAUC for total cholesterol in men 
was higher after the SFA meal compared with the n-6PUFA 

Table 1   Baseline characteristics of study participants

Data presented as mean ± standard deviation (range)
a  Comparison between men and women

All subjects
(n = 26)

Women
(n = 18)

Men
(n = 8)

Pa

Age (years) 44 ± 16.3 (18.0–65.0) 44.9 ± 15.0 (18.0–65.0) 42 ± 20.0 (20.0–65.0) 0.843

Body mass index (kg/m2) 27.5 ± 5.5 (18.8–41.3) 27.6 ± 6.5 (18.8–41.3) 27.2 ± 1.6 (22.51–30.50) 0.475

Body fat (%) 32.4 ± 9.8 (16.1–48.2) 36.4 ± 8.6 (22.9–48.2) 23.4 ± 5.6 (16.1–32.3) <0.001

Triacylglycerol (mmol/L) 1.48 ± 0.61 (0.43–2.97) 1.54 ± 0.62 (0.43–2.97) 1.36 ± 0.61 (0.65–2.27) 0.312

Total cholesterol (mmol/L) 5.28 ± 0.81 (3.60–6.65) 5.5 ± 0.82 (3.60–6.65) 4.78 ± 0.55 (4.00–5.70) 0.002

LDL cholesterol (mmol/L) 3.18 ± 0.80 (1.50–4.55) 3.28 ± 0.89 (1.50–4.55) 2.97 ± 0.51 (2.26–3.97) 0.080

HDL cholesterol (mmol/L) 1.37 ± 0.40 (0.86–2.51) 1.45 ± 0.42 (0.94–2.51) 1.19 ± 0.28 (0.86–1.75) 0.018

n-3PUFA (μg/mL) 26.77 ± 7.18 (15.31–41.27) 28.30 ± 7.44 (15.31–41.27) 23.32 ± 5.48 (15.46–32.82) 0.085
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meal, with the difference reaching borderline statistical sig-
nificance (P = 0.05) (Table 3).

There were time-dependent changes in TAG for all 
subjects and for women after the consumption of the sat-
urated fat meal (P  <  0.001 for both) and n-6PUFA meal 
(P = 0.004 and P = 0.002, respectively) (Table 3). There 
was a significant increase in TAG from baseline to 3  h 
(P < 0.001 for all subjects and women); at 6 h, TAG lev-
els were not significantly different than baseline, indicating 
that TAG levels returned to baseline values after 6 h of meal 
consumption, particularly for women. For men, however, 
TAG levels increased significantly at 3 h after consuming 
the saturated fat meal (P = 0.017) and the n-6PUFA meal 
(P =  0.042). TAG were still significantly higher than the 
baseline levels 6 h after the saturated fat meal (P = 0.036), 
although decreasing from 4 to 6  h, and tended to remain 
higher after the n-6PUFA meal (P  =  0.069) and still 
increased between 4 and 6 h (Table 3).

Plasma levels of total cholesterol did not present a time-
dependent effect after consumption of the n-6PUFA meal 
for all subjects, men or women. However, after consump-
tion of the saturated fat meal, the levels of total cholesterol 
were significantly higher than the baseline values at 4 and 
6 h for all subjects (P = 0.004 and P = 0.032, respectively) 
and at 3, 4 and 6  h for men (P =  0.041, P =  0.014 and 
P = 0.017, respectively). Although total cholesterol levels 
started decreasing 4 h after the saturated fat meal consump-
tion for all subjects, cholesterol levels were still increasing 
for men at 6 h (Table 3).

Levels of LDL-C were time dependant for all subjects 
and women after n-6PUFA meal consumption (P = 0.042 
and P = 0.030, respectively) and for all subjects and men 
after the saturated fat meal consumption (P  =  0.007 and 
P  =  0.015, respectively). Levels of LDL-C were signifi-
cantly higher than the baseline after 6  h of saturated fat 
meal consumption for all subjects and men (P  =  0.019 

and P  =  0.017, respectively). After consumption of the 
n-6PUFA meal, there was a significant decrease in LDL-C 
at 1 and 3  h for all subjects (P =  0.016 and P =  0.009, 
respectively) and women (P  =  0.026 and P  =  0.020, 
respectively), followed by an increase at 4 and 6 h, return-
ing to the levels observed at baseline (Table 3).

There was no time-dependent variation of HDL-C after 
the consumption of the saturated fat meal or n-6PUFA 
meal, for all subjects, women or men (Table 3).

There was a time-dependent increase in LCn-3PUFA 
when participants consumed both diets. Plasma LCn-
3PUFA was higher than baseline at all times from 1 h for 
all subjects summed and for women after consumption of 
both meals; and from 3  h for men after consumption of 
both meals (Table 3).

Discussion

The present study was designed to evaluate if meals con-
taining either butter as a source of saturated fat or vegetable 
oil rich in n-6PUFA as the background fat, in association 
with LCn-3PUFA, would differentially impact postprandial 
blood lipid profiles and incorporation of LCn-3PUFA into 
plasma lipids. Equivalent ingested amounts of saturated fat 
(butter) or n-6PUFA (sunflower oil) in combination with 
LCn-3PUFA supplementation induced similar postprandial 
responses for plasma cholesterol pools (total cholesterol, 
HDL-C and LDL-C), suggesting comparable responses in 
lipoprotein metabolism. Saturated fats did not affect post-
prandial blood lipid profiles differently than n-6PUFA, when 
consumed in combination with LCn-3PUFA, indicating that 
LCn-3PUFA may have counteracted the well-described 
hyperlipidaemic effects of saturated fats [1, 48–50].

Epidemiological studies [3, 5] have indicated a posi-
tive association between dietary saturated fat and serum 

Table 2   Nutrients consumed during the 24 h before each dietary intervention

Data is presented as mean ± standard deviation

*P < 0.05 for men versus women

SFA meal n-6PUFA meal

All subjects Women Men All subjects Women Men

Energy (MJ) 8.52 ± 2.63 7.77 ± 2.69* 10.21 ± 1.57* 8.32 ± 2.41 7.76 ± 2.29 9.59 ± 2.31

Protein (g) 91.4 ± 40.0 84.2 ± 41.8 107.4 ± 32.8 91.6 ± 33.3 90.1 ± 34.6 94.8 ± 32.0

Carbohydrate (g) 219.1 ± 79.6 202.3 ± 70.9 257.0 ± 89.6 214.1 ± 72.1 194.7 ± 61.6 257.7 ± 78.8

Total fat (g) 83.4 ± 34.9 74.7 ± 35.2 103.1 ± 26.52 79.4 ± 31.2 74.1 ± 29.9 91.4 ± 32.5

Saturated fat (g) 31.5 ± 13.7 29.2 ± 14.3 36.7 ± 11.1 30.2 ± 13.8 28.6 ± 15.2 33.8 ± 10.0

Monounsaturated fat (g) 33.6 ± 19.9 29.5 ± 18.5 42.9 ± 20.7 31.7 ± 15.8 30.1 ± 14.6 35.4 ± 18.8

Polyunsaturated fat (g) 11.8 ± 6.6 9.9 ± 5.7* 16.1 ± 7.0* 10.5 ± 5.9 9.5 ± 5.6 12.9 ± 6.1

Cholesterol (mg) 310.0 ± 193.4 285.0 ± 205.3 366.1 ± 161.3 296.3 ± 260.4 252.2 ± 169.6 395.6 ± 394.9
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cholesterol, although Samuelson and co-workers [14] 
revealed a negative correlation between saturated fats and 
serum cholesterol. Saturated fats have also been shown to 
increase LDL-C level by reducing LDL receptor (LDL-r) 
expression [48, 51], consequently reducing the number of 
receptors and LDL-C uptake by the liver. Other mecha-
nisms have also been proposed, a meal high in SFA has 
been shown to increase lecithin:cholesterol acyltransferase 
activity and to reduce the influx of free cholesterol from 
plasma to cell [52]. Chronic and acute clinical trials with 
healthy subjects comparing a diet high in saturated fat, with 
and without LCn-3PUFA supplementation, demonstrated 
a decrease in blood TAG and very low density lipoprotein 
cholesterol (VLDL-C) and an increase in LDL-C in the 
long term [37] and tendency for lower TAG postprandi-
ally [36] when LCn-3PUFA was supplemented concur-
rently (2.4 g EPA + DHA daily and 0.07 g EPA + DHA 
[9:77] per kg of body weight, respectively). Men with 
metabolic syndrome, on the other hand, presented simi-
lar TAG change when a high saturated fat meal (palm oil) 
was compared to the same meal supplemented with LCn-
3PUFA (4 g fish oil providing 48 % EPA and 25 % DHA) 
[42]. Notably, both the meals provided similar amounts of 
n-6PUFA, causing an ambiguity regarding the effective-
ness of the LCn-3PUFA supplementation. Notably, most of 
the studies reported in the literature were long-term stud-
ies and to date none of the postprandial studies assessed 
blood cholesterol levels, especially when LCn-3PUFA are 
co-supplemented.

Despite the well-documented ability of n-6PUFA to 
reduce blood lipid levels [5, 41, 49, 51, 53], the n-6PUFA 
meal did not affect blood lipid levels differently than the 
SFA meal. In contrast, Mekki et al. [40] observed a lower 
area under the TAG curve after the consumption of a but-
ter-based meal compared to a sunflower oil-based meal in 
healthy young men, while Jackson et  al. [41] observed a 
higher area under the TAG curve after a saturated fat meal 
(palm oil +  cocoa butter) compared to an n-6PUFA meal 
(safflower oil). Other authors compared SFA-based (dairy 
fat) and n-6PUFA-based meals observing no difference in 
plasma TAG area under the curve between test meals for 
men who were overweight [39], healthy or with metabolic 
syndrome [38]. However, none of these authors fed LCn-
3PUFA to their subjects or controlled for LCn-3PUFA 
present in erythrocytes or in their usual diets. In addition, 
n-6PUFA were inversely correlated with total cholesterol 
in epidemiological studies [5] and were shown to reduce 
LDL-C in animals [51] by upregulating LDL receptor syn-
thesis and consequently increasing LDL-C uptake by the 
liver. The results observed in this study are suggestive of 
the competition [26, 28, 29] between n-3 and n-6PUFA, as 
n-3PUFA has been shown to induce an increase in LDL-C 
owing to their capacity to downregulate LDL-r [54], thus 
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modulating the hypocholesterolaemic effect of n-6PUFA. 
It is noteworthy that, when both the meals were co-supple-
mented with LCn-3PUFA, similar postprandial lipoprotein 
responses were induced, despite the fact that the saturated 
fat meal provided an additional 95  mg of cholesterol and 
that saturated fat consumption was positively correlated 
with cholesterol levels in previous studies [5]. Other acute 
postprandial studies have not compared cholesterol change 
between test meals. Furthermore, maximum postprandial 
changes were observed with the two fat sources (30 g fat/
meal) after 3–4 h.

LCn-3PUFA content increased gradually over 6  h fol-
lowing consumption of the two test meals supplemented 
with the same amount of n-3PUFA. However the over-
all change in plasma LCn-3PUFA did not differ between 
the two meals consumed. These results are in contrast to 
a chronic feeding study [34] showing a greater increase in 
plasma LCn-3PUFA when animals were fed a high satu-
rated fat diet compared with those fed a high n-6PUFA diet, 
supplemented with the same level of n-3PUFA. We have 
also previously demonstrated that the amount of n-3PUFA 
required to cause any beneficial effects was lower in rats 
consuming diets rich in SFA than those on n-6PUFA [35]. 
Nevertheless, none of the previous studies have reported 
postprandial changes in LCn-3PUFA on dietary interven-
tions containing different background fats, particularly 
in human subjects. Differences in LCn-3PUFA driven by 
combination with other fats (e.g. SFA or n-6PUFA) would 
be more likely to be observed in the long term, when com-
petition between fat types would be sustained over weeks 
or months, rather than just a few hours. Competition in the 
metabolism of n-3PUFA and n-6PUFA has been demon-
strated, comprising fatty acid elongation and desaturation 
and eicosanoids formation [18, 26, 28–30]; changes being 
also observed in cell membrane composition, fluidity and 
permeability [55].

Our study population was a mix of men and pre- and 
postmenopausal women (8, 10 and 8 subjects, respec-
tively). Data presented suggested that men may in general 
have a slower fat metabolism when compared to women. 
Plasma TAG levels were increasing even after 6 h of con-
suming fatty meals in men, while TAG levels peaked at 
3  h and then dropped back to baseline values at 6  h in 
women. Consistent with our findings, Couillard et  al. 
[56] reported different postprandial peaks and clearance 
of plasma TAG in men and women, and suggested an 
impaired TAG clearance in men compared to women. Fur-
thermore, Koutsari et al. [57] reported higher area under 
the plasma TAG curve for men than women. Addition-
ally, there was no difference between the two test meals 
in the rate of postprandial cholesterol clearance in men 
or women, and slower cholesterol clearance was evident 
in men despite adequate LCn-3PUFA supplementation. 

Although not statistically significant, men presented a 
tendency for higher cholesterol response after consump-
tion of the SFA meal than after the n-6PUFA meal, sug-
gesting a more pronounced change in postprandial plasma 
cholesterol than in women. The expression of 3-hydroxy-
3-methylglutaryl coenzyme  A reductase (HMG-CoAR) 
has previously been shown to differ in men and women; 
however, whether this would influence their response to 
dietary fat treatments remains to be seen [58]. Addition-
ally, oestrogen was shown to promote LDL-r gene expres-
sion, increasing the number of LDL-r in the presence of 
higher concentration of estrogen and cholesterol clearance 
in women [59]. Nevertheless, these mechanisms may not 
account for the differences in postprandial lipid metabo-
lism following consumption of meals differing in fat 
composition. The present study was not designed to spe-
cifically assess sex differences; therefore the observed dif-
ferences between men and women need to be confirmed 
with a study design adequately powered for both sexes. 
However, the physiological differences between men and 
women suggest that in future studies men and women, as 
well as different menopausal statuses, should be consid-
ered during study planning and designing, to account for 
gender and hormonal differences.

Butter fat was used as the source of saturated fat in this 
study, although it differs in fatty acid composition from 
other sources [60] and may present different metabolic 
pathways and effect on plasma lipids [61]. Butter is rich 
in stearic acid, which has been shown to cause no increase 
in cholesterol levels [62], and in short and medium chain 
fatty acids, which are more easily absorbed than long 
chain SFA [63]. Short and medium chain SFA bind to 
albumin for transport to the liver, bypassing assembling 
into triglycerides and packaging into chylomicrons, unlike 
long chain fatty acids [63]. Therefore, further studies are 
necessary to understand if the results observed in this 
study would also be applicable to other saturated fats such 
as those present in chocolate, red meats and vegetable oils 
including palm and coconut oil. The authors also acknowl-
edge that the study design was limited by not having two 
additional treatment groups, namely butter alone and sun-
flower oil alone, so that the real effect of the fish oils could 
be better established.

Postprandial responses in terms of plasma lipid profiles 
and plasma LCn-3PUFA concentrations were similar when 
subjects consumed either SFA or n-6PUFA in association 
with n-3PUFA, providing support for our hypothesis [43] 
that saturated fats do not raise blood lipid levels, com-
pared to n-6PUFA, when co-administered with adequate 
LCn-3PUFA. Long-term intervention trials are warranted 
to substantiate the importance of LCn-3PUFA status in 
determining the effects of saturated fat-rich diets versus 
n-6PUFA-rich diets.
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