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Abstract
Background/objectives Although assumed, it remains unclear that fatty acid (FA) biomarkers of n-3 long-chain PUFA
reflect wide ranges of intake. However, to be utilised as biomarkers, to predict dietary intake, dose–response curves that
cover a spectrum of intakes are required. The aim of the study was to investigate whether the FA composition of plasma
phosphatidylcholine (PC) is a sensitive biomarker of n-3 FAs from fish oil, across a range of supplementation doses, and
alpha-linolenic acid (ALA) supplementation, in young, healthy women.
Subjects/methods A total of 303 young women were randomised to intakes ranging between 0.33 and 4.50 g EPA+DHA/
day from fish oil (not all doses used in each year) or flaxseed oil (5.90–6.60 g/d) daily for 14 days in a series of trials, over 5
years. Fasting blood was collected at baseline (day 0) and day 14 and plasma PC FA composition, total and HDL-cholesterol
and triglyceride concentrations measured.
Results Fourteen days supplementation with fish oil significantly (P < 0.01) increased, in a dose-dependent fashion, plasma
PC EPA, DPA and DHA at all doses except 1 and 3 mL/day. For the combined group of women who consumed any fish oil
there was a 16% (P < 0.01) decrease in plasma triacylglycerol concentrations after 14 days supplementation. Flaxseed oil
supplementation for 14 day resulted in significant (P < 0.01) increases in ALA, EPA and DPA, whilst DHA remained
unchanged.
Conclusion Our data demonstrate plasma PC is a sensitive biomarker of n-3 FA intake and reflects changes within 14 days
across a range of intakes.

Introduction

Plasma, erythrocyte and platelet phospholipids are the blood
lipid fractions most abundant in n-3 long-chain poly-
unsaturated fatty acids (LCPUFA). Dose–response studies,
typically with only three ‘distinct’ levels of n-3 fatty acid
(FA), have shown blood phospholipids reflect changes in n-

3 LCPUFA intake in a dose–response manner [1–3].
However, for FA to be utilised as biomarkers to predict
dietary intake, dose–response curves that cover a spectrum
of FA intake are required and although assumed, it remains
unclear that FA biomarkers of n-3 LCPUFA reflect a wide
range of intakes. Another important source of n-3 LCPUFA
could come from the precursor alpha-linolenic acid (ALA).
Longer-term studies have found the abundance of ALA,
EPA and docosapentaenoic acid (DPA) increased in FA
biomarkers with an increase in ALA intake with the data for
DHA being less clear [4–11].

Although evidence from randomised controlled trials has
not proven n-3 LCPUFA lowers cardiovascular disease
(CVD) risk [12], intervention studies have clearly demon-
strated n-3 LCPUFA (as fish oil or ethyl esters of EPA and
DHA) have a triglyceride-lowering effect [13]. A large
proportion of these studies have been undertaken in middle-
aged adults [13, 14]; it remains unclear whether n-3
LCPUFA have a similar effect in young adults.
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We sought to investigate the effect of short-term
(14 days) supplementation with EPA and DHA (given as
fish oil), across a range of doses, on plasma phosphati-
dylcholine (PC) n-3 FA levels and plasma lipid concentra-
tions, along with the effect of short-term (14 days) ALA
supplementation on plasma PC n-3 FA status in young,
healthy women.

Subjects and methods

Participants

Participants were recruited from an undergraduate nutri-
tion course at the University of Otago and were eligible if
they were 18 years or older and were not allergic to fish or
nuts. Ethical approval was given for the study from The
Human Ethics Committee, University of Otago. All par-
ticipants gave informed written consent after receiving
both a verbal and written explanation of the study. The
experiment was part of an undergraduate teaching and
learning activity that was conducted annually for five
years from 2003 to 2007.

Study design and supplementation

Participants were randomised to receive fish oil or flaxseed
oil in capsule form and consumed the allocated daily dose,
with food for 14 days. Participants were asked to maintain
their usual diet and physical activity; if they consumed fish
they were instructed to continue their usual pattern of
consumption. MaxEPA (Seven Seas Health Company UK)
fish oil capsules were used in 2003 and 2004 and Omega-3
Salmon Oil capsules (Thompson’s, Auckland, New Zeal-
and) from 2005 to 2007; flaxseed oil was from Waihi Bush
(Geraldine, New Zealand). Manufacturer’s information
indicated that each capsule of MaxEPA contained 190 mg
of EPA and 110 mg of DHA, each capsule of Omega-3
Salmon Oil contained 180 mg of EPA and 120 mg of DHA,
and each capsule of flaxseed oil contained 600 mg of ALA.
The doses of fish oil used in the trials were 1, 2, 3, 4, 5, 6,
10 and 15 capsules/day, not all doses were used in each year
(due to participant numbers), whereas the dose of flaxseed
oil was always 10 capsules/day. Intakes (g/d) of EPA and
DHA and ALA were estimated on the basis of manu-
facturers’ information about the FA content of the fish oil
and flaxseed oil and the number of capsules assigned to be
consumed (Supplementary Table 1). Compliance was
assessed in all years by change in FA composition of
plasma PC and in 2005, 2006 and 2007 (but not 2003 and
2004) compliance was also assessed by a daily diary of
capsule consumption.

Biochemical and lipid analysis

On days 0 and 14 venous blood samples were collected
from participants after an overnight fast and plasma isolated
and stored [15]. Plasma total, high-density lipoprotein
(HDL) cholesterol and triglyceride concentrations were
measured and plasma low-density lipoprotein (LDL) cho-
lesterol concentrations calculated [16]. The analytical
coefficient of variation for the measurement of total cho-
lesterol was less than 3% for plasma total cholesterol, HDL-
cholesterol and triglyceride.

Plasma lipids were extracted, after the addition of a
known amount of an internal standard (diheptadecanoyl
[17:0] PC), according to the method of Bligh and Dyer [17].
Plasma PC was separated using thin-layer chromatography
as we have previously described for erythrocyte PC [18] and
PC FAs converted to FA methyl esters (FAMEs). Separation
and quantitation of the plasma PC FAMEs was achieved
using a DB-225 megabore column (25m × 0.53 mm internal
diameter; film thickness 0.25 µm; J & W Scientific) installed
on an HP-6890 Series Gas Chromatograph (GC) with flame
ionisation detection [15, 19]. Students performed the lipid
extraction and thin-layer chromatography, under super-
vision, whereas a qualified research technician performed
the GC analysis of samples. Plasma FA were recorded as
molecular percentages (mol%), defined as the number of
molecules of the individual FA as a percentage of the total
number of FA molecules. The concentrations (µmol/L) of
FAs were calculated based on the area of the internal stan-
dard (diheptadecanoyl [17:0] PC) peak.

Statistical analysis

Data were analysed using the statistical package STATA
(version 11). Statistical differences in the plasma lipids and
FA composition of PC between day 0 and day 14 were
determined using a paired t-test. All comparisons were two-
sided and changes were considered statistically significant
when the P-value was less than 0.01; this value was chosen
to reduce the chances of concluding erroneously that a
difference existed between days 14 and 0.

As subjects consumed EPA and DHA (given as fish oil),
across a range of doses (Supplementary Table 1) over a 14-
day period, this provided the opportunity to determine if
there was a dose–response effect. The change from day 0 to
14 in plasma PC n-3 FA or plasma lipid concentration was
calculated for each participant and these values used in the
regression analysis to test for a dose–response effect. The
dose–response relation between the increase in EPA intake
and change in EPA composition of plasma PC was esti-
mated using regression analysis, adjusting for year of the
study and baseline (i.e., day 0) FA composition. The
dose–response relation was expressed as the incremental
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change (95% CI) in mol% per g/d or µmol/L per g/d
increase in intake of EPA. A simple plot of the results
suggested a curvilinear relation between increasing intake
of EPA and change in mol% and µmol/L EPA in plasma
PC; therefore, a quadratic term was included in the model.
The same procedure was used to explore the dose–response
relation between DHA intake and DHA composition of
plasma PC; however, a quadratic term was dropped from
the model because it was not statistically significant (P=
0.150). A similar approach was used to calculate the dose
response relation between EPA+DHA intake and plasma
lipid concentrations (mmol/L), with the dose response
expressed as the incremental change (95% CI) per g/d
increase of EPA+DHA.

Results

Baseline characteristics

Three hundred and three women participated in the sup-
plementation trials between 2003 and 2007, of which we
have complete data for 294. The participants’ (n= 294)
were aged 22.1 years (4.0) (mean (SD)) with a BMI of
22.6 kg/m2 (2.9); mean plasma lipid concentrations were
4.45 (0.80) mmol/L for plasma total cholesterol, 2.51 (0.68)
mmol/L for plasma LDL-cholesterol, 1.51 (0.35) mmol/L
for plasma HDL cholesterol, and 1.11 (0.40) mmol/L for
plasma triglycerides. The characteristics of women assigned
to the fish or flaxseed oil groups did not differ. The number
of women enrolled each year and randomised to the dif-
ferent fish oil groups or the flaxseed oil group is shown in
Supplementary Table 1. Ninety-four percent of participants

from 2005 through 2007 completed a daily diary of capsule
consumption; self-reported compliance indicated that 97%
of the assigned capsules were consumed.

Effect of fish oil supplementation on plasma PC n-3
FA

Daily supplementation with different amounts of fish oil
(EPA+DHA) significantly (P < 0.01) increased plasma PC
EPA mol% and µmol/L at all doses of fish oil intakes except
the one mL dose (Tables 1 and 2). The mean increase,
unadjusted analysis, in EPA mol% and µmol/L between
days 0 and 14 by dose of EPA is shown in Fig. 1a, c; the
increase was dose-dependent and did not differ by year of
study (P= 0.988, interaction between dose and year).
According to this association, the dose response, over
14 days, in plasma PC EPA was 1.5 mol% or 76 µmol/L per
g EPA (Fig. 1b, d). Notably, daily supplementation with
fish oil significantly increased the abundance (as mol% and
µmol/L) of DPA in plasma PC, in most, but not all doses of
fish oil (Tables 1 and 2).

Daily supplementation with fish oil also significantly (P
< 0.01) increased plasma PC DPA and DHA mol% at all
doses of fish oil intake except one and three mL (Table 1)
but changes occurred at fewer fish oil doses when expressed
as a concentration (µmol/L) (Table 2). The mean increase,
unadjusted analysis, in DHA mol% and µmol/L between
day 0 and 14 by dose of fish oil intake is shown in Fig. 2a,c;
the increase was linearly dose-dependent and did not differ
by year of study (P= 0.524, interaction between dose and
year). The predicted mean (95%CI) increase, over 14 days,
in plasma PC DHA mol% and µmol/L across the range of
daily supplemental DHA intake is shown in Fig. 2b,d.

Table 1 Long-chain n-3 polyunsaturated fatty acid composition (mol%) of plasma phosphatidylcholine at before and after 14 days of consuming
the oil supplement

Intake (g/d) n Eicosapentaenoic acid (µmol/L) Docosapentaenoic acid (µmol/L) Docosahexaenoic acid (µmol/L)

EPA DHA EPA+DHA Day 0a Day 14a Differenceb Day 0a Day 14a Differenceb Day 0a Day 14a Differenceb

0.19 0.14 0.33 15 1.0 (0.5) 1.3 (0.3) 0.4 (−0.1, 0.8) 0.7 (0.2) 0.8 (0.2) 0.1 (−0.1, 0.3) 3.0 (1.0) 3.3 (0.9) 0.3 (−0.6, 1.2)

0.38 0.28 0.66 12 0.8 (0.2) 2.2 (0.7) 1.5 (0.7, 2.2)c 0.6 (0.2) 0.9 (0.3) 0.3 (0.2, 0.5)c 2.7 (0.8) 3.7 (0.8) 1.0 (0.5, 1.5)c

0.44 0.28 0.72 19 1.0 (0.4) 1.6 (0.6) 0.8 (0.1, 1.5)c 0.7 (0.2) 0.9 (0.3) 0.2 (0.0, 0.4)c 3.6 (1.2) 3.6 (1.0) 0.0 (−0.8, 0.9)

0.55 0.42 0.99 12 1.2 (1.0) 3.1 (1.1) 1.9 (1.1, 2.6)c 0.7 (0.3) 1.0 (0.4) 0.3 (0.1, 0.5)c 3.1 (1.4) 4.3 (1.3) 1.2 (0.2, 2.2)c

0.76 0.56 1.32 12 0.8 (0.2) 3.5 (0.7) 2.6 (2.1, 3.2)c 0.7 (0.2) 1.1 (0.2) 0.4 (0.3, 0.6)c 3.1 (0.8) 4.5 (0.9) 1.4 (0.8, 2.0)c

0.88 0.56 1.44 13 1.0 (0.3) 2.5 (1.0) 1.6 (0.8, 2.4)c 0.7 (0.2) 1.1 (0.3) 0.3 (0.1, 0.5)c 3.4 (0.9) 4.6 (1.1) 1.2 (−0.2, 2.6)

0.95 0.55 1.50 47 1.0 (0.5) 3.7 (1.3) 2.7 (2.3, 3.2)c 0.8 (0.3) 1.2 (0.3) 0.4 (0.3, 0.5)c 3.4 (1.1) 4.6 (1.2) 1.3 (0.9, 1.7)c

0.95 0.70 1.65 7 1.3 (1.0) 4.3 (0.7) 3.0 (1.2, 4.7)c 0.7 (0.2) 1.1 (0.3) 0.3 (0.0, 0.7)c 3.4 (0.7) 4.7 (1.1) 1.3 (0.0, 2.6)c

1.32 0.84 2.16 10 1.0 (0.6) 3.1 (1.5) 2.2 (0.5, 3.8)c 0.8 (0.2) 1.1 (0.3) 0.3 (0.1, 0.6)c 3.3 (0.7) 4.4 (1.4) 1.1 (−0.7, 2.9)

1.90 1.10 3.00 48 1.0 (0.5) 5.6 (2.0) 4.6 (3.8, 5.4)c 0.8 (0.2) 1.4 (0.3) 0.6 (0.5, 0.7)c 3.5 (1.0) 5.2 (1.3) 1.8 (1.3, 2.2)c

1.90 1.40 3.30 8 1.3 (0.7) 5.8 (2.0) 4.5 (2.0, 7.0)c 1.0 (0.2) 1.6 (0.3) 0.6 (0.1, 1.0)c 4.1 (1.1) 5.6 (1.5) 1.6 (−0.2, 3.4)

2.20 1.40 3.60 12 1.1 (0.5) 4.5 (2.3) 3.4 (1.3, 5.5)c 0.8 (0.3) 1.4 (0.3) 0.6 (0.2, 0.9)c 3.3 (0.8) 5.3 (1.2) 1.9 (1.3, 2.6)c

2.85 1.65 4.50 10 1.0 (0.4) 7.0 (2.5) 6.1 (3.4, 8.7)c 0.7 (0.3) 1.7 (0.4) 1.0 (0.5, 1.5)c 3.7 (1.1) 6.4 (1.0) 2.7 (1.4, 4.1)c

a Values are mean (SD)
b Values are mean (99% CI)
c Day 14 significantly different from day 0, paired t-test P < 0.01
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According to this association, the dose response, over
14 days, in plasma PC DHA was 1.1 mol% or 61 µmol/L
per g intake of DHA (Fig. 2b,d).

Effect of flaxseed oil supplementation on plasma PC
n-3 FA

Daily supplementation with flaxseed oil for 14 days
increased plasma PC ALA by 0.7 mol% (95% CI, 0.6–0.9;
P < 0.001) or 32 µmol/L (95% CI, 14–46, P < 0.001)
(Table 3). The proportions and concentrations of plasma
PC FA as EPA and DPA were significantly (P < 0.01)
increased, with no change in DHA, after 14 days (Table 3).
The changes in FA composition with flaxseed oil con-
sumption did not differ by year in which the study was
conducted (P > 0.6).

Effect of fish oil and flaxseed oil supplementation
on plasma lipids

Daily fish oil supplementation for 14 days did not sig-
nificantly alter plasma total cholesterol concentrations
within any one group of fish oil intake (Table 4); however,
when the results for all participants who received fish oil
were combined (n= 234), mean plasma total and LDL
cholesterol concentrations were significantly (P < 0.001)
higher at day 14 compared with day 0. For this combined
group, mean intake of fish oil, weighted for the proportion
of participants in each dose group, was 6.1 mL/d, or 1.8 g of
EPA+DHA (Table 4). Plasma HDL-cholesterol concentra-
tions were unaltered by fish oil consumption (Table 4).
Mean plasma triglyceride concentrations were significantly
(P < 0.01) lowered by consuming 1.50, 1.65, 3.00 and

3.60 g EPA+DHA/day for 14 day; they were also sig-
nificantly lower (by 15%, P < 0.001 day 14 vs day 0) when
results were combined for all fish oil consumers (Table 4).

There was no significant dose-response relation between
total n-3 LCPUFA intake (i.e., EPA+DHA) and total
cholesterol (P= 0.235), LDL-cholesterol (P= 0.955), or
HDL-cholesterol (P= 0.440) concentrations (Table 4) or
with plasma triglyceride concentrations. Consuming 10 mL
of flaxseed oil, containing 6 g of ALA, daily for 14 days
did not significantly alter plasma lipid concentrations
(Table 4).

Discussion

As the usefulness of plasma PC as a biomarker of n-3 FA
intake has not been extensively examined, we assessed
changes in plasma PC n-3 FAs before and after supple-
mentation with fish oil (across a range of doses) or sup-
plementation with ALA. Our results clearly demonstrate the
FA composition of plasma PC to be a sensitive biomarker of
n-3 LCPUFA intake, with small increases in EPA and DHA
intake (from fish oil) being reflected within 14 days, in a
dose-dependent fashion. The increase in EPA and DHA
abundance with increasing dose of fish oil, and the increase
in ALA abundance with flaxseed oil supplementation
indicate a high degree of compliance over the 14-day per-
iod. EPA and DPA, two FA formed by the metabolic
interconversion of ALA, were also increased with flaxseed
oil supplementation, whilst DHA content remained
unchanged.

Blood lipid n-3 FAs have been extensively utilised as
biomarkers of n-3 intakes as they are predominantly derived

Table 2 Long-chain n-3 polyunsaturated fatty acid composition (µmol/L) of plasma phosphatidylcholine at before and after 14 days of
consuming the oil supplement

Intake (g/d) n Eicosapentaenoic acid (µmol/L) Docosapentaenoic acid (µmol/L) Docosahexaenoic acid (µmol/L)

EPA DHA EPA+DHA Day 0a Day 14a Differenceb Day 0c Day 14a Differenceb Day 0a Day 14a Differenceb

0.19 0.14 0.33 15 43 (19) 72 (51) 29 (−15, 72) 31 (10) 43 (32) 12 (−11, 34) 144 (92) 180 (167) 37 (−89, 163)

0.38 0.28 0.66 12 41 (10) 122 (55) 81 (37, 125)c 29 (8) 49 (24) 20 (3, 37)c 151 (75) 198 (68) 47 (−2, 96)

0.44 0.28 0.72 19 42 (22) 78 (45) 36 (6, 65)c 31 (15) 45 (24) 13 (0, 27)c 157 (92) 177 (105) 20 (−61, 101)

0.55 0.42 0.99 12 54 (36) 168 (79) 113 (62, 164)c 35 (20) 53 (24) 18 (5, 32)c 147 (80) 227 (88) 80 (28, 132)c

0.76 0.56 1.32 1 32 (11) 147 (67) 115 (58, 171)c 27 (8) 48 (20) 21 (4, 39)c 121 (42) 193 (90) 72 (−3, 148)

0.88 0.56 1.44 13 53 (29) 106 (43) 52 (10, 94)c 39 (19) 43 (9) 3 (−13, 19) 201 (131) 186 (30) −15 (−123, 93)

0.95 0.55 1.50 47 39 (23) 136 (60) 97 (75, 119)c 29 (14) 42 (19) 13 (7, 19)c 126 (57) 168 (75) 42 (17, 66)c

0.95 0.70 1.65 7 54 (38) 174 (40) 120 (66, 173)c 29 (9) 42 (9) 12 (3, 22)c 141 (38) 184 (32) 43 (14, 72)c

1.32 0.84 2.16 10 43 (36) 117 (37) 74 (17, 130)c 32 (11) 42 (12) 10 (−3, 23) 148 (71) 176 (65) 28 (−73, 129)

1.90 1.10 3.00 48 38 (18) 200 (88) 162 (128, 196)c 29 (12) 49 (19) 21 (13, 28)c 129 (50) 185 (70) 56 (36, 76)c

1.90 1.40 3.30 8 56 (32) 284 (124) 228 (88, 367)c 42 (8) 74 (29) 32 (2, 62)c 175 (60) 274 (114) 98 (−16, 213)

2.20 1.40 3.60 12 45 (23) 229 (145) 183 (61, 305)c 32 (12) 72 (32) 40 (14, 66)c 133 (44) 282 (135) 149 (48, 250)c

2.85 1.65 4.50 10 36 (15) 298 (138) 262 (121, 403)c 28 (11) 74 (31) 46 (15, 77)c 143 (62) 272 (106) 129 (37, 221)c

a Values are mean (SD)
b Values are mean (99% CI)
c Day 14 significantly different from day 0, paired t-test P < 0.01
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from dietary intake [1, 20]. This relationship was reported
by Lands et al. [21] who described an empirical association
between the maintenance of plasma phospholipid LCPUFA
and the dietary intakes of n-6 and n-3 FAs. More recently,

Patterson et al. [3] undertook a dose–response study and
systematic review to investigate the relationship between
diet and blood n-3 FA. They found the abundance of whole
blood, erythrocyte and plasma phospholipid EPA+DHA to
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The point estimates occur at the
particular doses used in each
year. Values are predicted means
(95%CI) calculated by
regressing the dose of DHA on
the change, from days 0 to 14, in
the mol % and µmol/L of DHA
in plasma PC with adjustment
for year of study and baseline
DHA composition of plasma
PC. The point estimates shown
on the graph were calculated for
each dose of DHA intake (g/d)
on the c mol % and d µmol/L
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increase in a linear manner with dietary intakes up to 1 g/d
EPA+DHA. In the present study, we found plasma PC EPA
and DHA to increase in a linear manner with intakes up to
4.5 g/d EPA+DHA. As the participants in the present study
consumed fish oil supplements for 14 days, the gen-
eralisability of our estimates of the dose–response relation
between intake of n-3 LCPUFA and change in abundance
of plasma PC EPA or DHA depend on whether this period
is sufficient for maximum changes in FA composition to
occur. Browning et al. [2] estimated the time to maximal
change in plasma PC EPA content ranged from 5 to 18 days
depending on the dose, with the majority of change
occurring in the first few days of supplementation. Thus,
our estimate of the dose–response for EPA is unlikely to be
underestimated to a significant degree. In contrast, Brown-
ing et al. [2] found the time to peak changes in plasma PC
DHA composition were longer, ranging between 12 and
32 days, which is in-line with others [22]. Thus, it is most
likely our estimate for dose–response for DHA under-
estimates maximum incorporation.

Our findings of significant increases in plasma PC ALA,
EPA and DPA, with no change in DHA after 14 days
supplementation with flaxseed oil are in line with previous
work [4–10]. Although, Hennebelle et al. [11] reported
ALA supplementation for 4 weeks increased total plasma
EPA and DHA abundance in older (73y) but not younger
(25y) adults. The synthesis of ALA to EPA, DPA and DHA
occurs primarily in liver endoplasmic reticulum where there
is competition between n-6 and n-3 FA for the same elon-
gase and desaturase enzymes [23]. The conversion of ALA
may be downregulated by increased availability of con-
version products; consumption of a fish—compared to a
beef-based diet decreased conversion of DPA to DHA [24].
Additional factors that may influence the synthesis of DHA
from ALA include smoking tobacco [25], alcohol con-
sumption [26] and hormonal status [27].

Numerous studies have demonstrated the hypo-
triglyceridaemic effect of n-3 LCPUFA (from fish or sup-
plements) [13, 14]. The significant decrease in plasma tri-
glyceride concentrations in the present study was

unexpected, not least as supplementation was short-term
(14 days) and participants were young, healthy females with
relatively low baseline plasma triglyceride concentrations.
In contrast, Flock et al. [28] reported no change in plasma
triglyceride concentrations in healthy, young individuals
consuming up to 1.80 g of EPA plus DHA/day for
5 months. The discrepancy in findings between studies may
be partly due to the higher doses of EPA plus DHA in the
present study. Supplementation with ALA did not decrease
plasma triglyceride concentrations, consistent with some [4]
but not all [7] previous reports.

Evidence for changes in plasma total, LDL- and HDL-
cholesterol concentrations after n-3 LCPUFA supple-
mentation are less consistent, although it appears increases
in LDL-cholesterol are more marked in individuals with
hyper-triglyceridaemia [13, 14]. We found a small but
significant increase in plasma total cholesterol, which can
be explained by an increase in LDL-cholesterol after n-3
LCPUFA supplementation, with no effect of ALA supple-
mentation as previously reported [14, 29]. A proposed
mechanism for the increase in LDL-cholesterol concentra-
tions is via an increased conversion rate of VLDL to LDL
[29].

Our study has some limitations. We used MaxEPA for
two and salmon oil for three of the trials; however, as there
were only small compositional differences between the oils,
we combined the dose of fish oil but used actual intake of
supplemental EPA and DHA in the statistical calculations of
the dose-response relationships. Our study participants were
young, healthy females who were undergraduate students
studying nutrition. We did not assess participants’ back-
ground diet or lifestyle habits at baseline or over the course
of the study. Although they were instructed to make no
changes other than taking the oil supplements, it is possible
that alterations to diet and lifestyle occurred during the
course of the study. Nor did we control for hormone status/
phase of menstrual cycle or use of oral contraceptives. As
participants undertook a component of the analytical work,
on their own samples, and although clear instructions were
provided and they were supervised, the variation between

Table 3 N-3 polyunsaturated
fatty acid composition of plasma
phosphatidylcholine before and
after 14 days of consuming
flaxseed oil (10 mL/day)

Mol% µmol/L

Fatty acid Day 0a Day 14a Differenceb Day 0a Day 14a Differenceb

18:3n-3 0.4 (0.2) 1.1 (0.5) 0.7 (0.6, 0.9)c 14 (7) 46 (31) 32 (23, 42)c

20:5n-3 1.0 (0.4) 2.0 (1.3) 1.0 (0.7, 1.4)c 39 (19) 89 (82) 49 (24, 75)c

22:5n-3 0.8 (0.2) 1.0 (0.3) 0.2 (0.1, 0.3)c 30 (13) 42 (33) 12 (2, 23)d

22:6n-3 3.3 (1.0) 3.4 (1.4) 0.1 (−0.4, 0.5) 132 (51) 148 (122) 16 (−24, 56)

a Values are mean (SD), n= 69
b Values are mean (99% CI), n= 69
c Day 14 significantly different from day 0, paired t-test P < 0.001
d Day 14 significantly different from day 0, paired t-test P < 0.01

Effect of supplementation with flaxseed oil and different doses of fish oil for 2 weeks on plasma. . . 837



Ta
bl
e
4

P
la
sm

a
lip

id
co
nc
en
tr
at
io
ns

be
fo
re

an
d
af
te
r
14

da
ys

of
co
ns
um

in
g
th
e
oi
l
su
pp

le
m
en
t

In
ta
ke

(g
/d
)

n
T
ot
al

ch
ol
es
te
ro
l
(m

m
ol
/L
)

L
D
L
ch
ol
es
te
ro
l
(m

m
ol
/L
)

H
D
L
ch
ol
es
te
ro
l
(m

m
ol
/L
)

T
ri
ac
yl
gl
yc
er
ol

(m
m
ol
/L
)

E
P
A

D
H
A

E
P
A

+
D
H
A

D
ay

0a
D
ay

14
a

D
if
fe
re
nc
eb

D
ay

0a
D
ay

14
a

D
if
fe
re
nc
eb

D
ay

0a
D
ay

14
a

D
if
fe
re
nc
eb

D
ay

0a
D
ay

14
a

D
if
fe
re
nc
eb

0.
19

0.
14

0.
33

15
4.
29

(0
.5
2)

4.
40

(0
.6
1)

0.
11

(−
0.
11

,
0.
33

)
2.
50

(0
.5
1)

2.
59

(0
.5
9)

0.
10

(−
0.
13

,
0.
32

)
1.
40

(0
.2
0)

1.
37

(0
.2
4)

−
0.
02

(−
0.
14

,
0.
10

)
0.
86

(0
.1
7)

0.
95

(0
.2
9)

0.
08

(−
0.
06

,
0.
23

)

0.
38

0.
28

0.
66

12
5.
15

(0
.9
0)

5.
35

(1
.0
9)

0.
20

(−
0.
41

,
0.
80

)
2.
74

(0
.7
4)

3.
01

(1
.0
1)

0.
27

(−
0.
37

,
0.
91

)
1.
74

(0
.3
6)

1.
77

(0
.3
3)

0.
03

(−
0.
13

,
0.
19

)
1.
48

(0
.4
3)

1.
25

(0
.5
1)

−
0.
23

(−
0.
80

,
0.
35

)

0.
44

0.
28

0.
72

19
4.
20

(0
.6
6)

4.
31

(0
.7
5)

0.
11

(−
0.
12

,
0.
34

)
2.
56

(0
.5
4)

2.
72

(0
.5
9)

0.
16

(−
0.
09

,
0.
41

)
1.
47

(0
.3
3)

1.
42

(0
.3
2)

−
0.
05

(−
0.
19

,
0.
10

)
1.
07

(0
.3
4)

1.
05

(0
.3
2)

−
0.
01

(−
0.
17

,
0.
14

)

0.
55

0.
42

0.
99

12
4.
15

(0
.7
7)

4.
41

(0
.9
3)

0.
26

(−
0.
11

,
0.
63

)
2.
27

(0
.6
7)

2.
58

(0
.8
1)

0.
31

(−
0.
06

,
0.
69

)
1.
42

(0
.2
6)

1.
47

(0
.2
7)

0.
04

(−
0.
16

,
0.
25

)
1.
02

(0
.3
0)

0.
80

(0
.2
0)

−
0.
22

(−
0.
56

,
0.
13

)

0.
76

0.
56

1.
32

12
4.
25

(0
.3
9)

4.
51

(0
.6
7)

0.
26

(−
0.
26

,
0.
77

)
2.
34

(0
.3
9)

2.
64

(0
.6
3)

0.
30

(−
0.
15

,
0.
76

)
1.
48

(0
.3
5)

1.
46

(0
.3
5)

−
0.
02

(−
0.
25

,
0.
21

)
0.
96

(0
.2
0)

0.
91

(0
.3
6)

−
0.
05

(−
0.
42

,
0.
32

)

0.
88

0.
56

1.
44

13
4.
64

(0
.8
5)

4.
55

(0
.9
2)

−
0.
09

(−
0.
51

,
0.
33

)
2.
74

(0
.9
1)

2.
67

(0
.8
6)

−
0.
07

(−
0.
48

,
0.
35

)
1.
73

(0
.3
8)

1.
74

(0
.4
4)

0.
00

(−
0.
14

,
0.
15

)
1.
06

(0
.2
8)

0.
92

(0
.2
7)

−
0.
14

(−
0.
32

,
0.
03

)

0.
95

0.
55

1.
50

47
4.
50

(0
.9
2)

4.
61

(0
.8
4)

0.
11

(−
0.
08

,
0.
30

)
2.
36

(0
.6
1)

2.
59

(0
.6
3)

0.
23

(0
.0
4,

0.
42

)
1.
51

(0
.3
5)

1.
58

(0
.3
5)

0.
06

(−
0.
03

,
0.
16

)
1.
20

(0
.5
1)

1.
00

(0
.4
4)

−
0.
20

(−
0.
33

,
−
0.
07

)c

0.
95

0.
70

1.
65

7
3.
81

(0
.7
3)

4.
09

(0
.9
0)

0.
28

(−
0.
20

,
0.
77

)
2.
14

(0
.5
8)

2.
44

(0
.8
2)

0.
30

(−
0.
16

,
0.
75

)
1.
19

(0
.3
7)

1.
31

(0
.3
2)

0.
12

(−
0.
06

,
0.
29

)
1.
04

(0
.4
0)

0.
75

(0
.4
1)

−
0.
29

(−
0.
43

,
−
0.
16

)c

1.
32

0.
84

2.
16

10
4.
64

(0
.8
0)

4.
39

(0
.8
0)

−
0.
25

(−
0.
74

,
0.
24

)
3.
08

(0
.6
8)

2.
85

(0
.6
8)

−
0.
23

(−
0.
73

,
0.
27

)
1.
35

(0
.4
3)

1.
39

(0
.3
9)

0.
03

(−
0.
14

,
0.
21

)
1.
27

(0
.3
9)

0.
93

(0
.3
0)

−
0.
34

(−
0.
71

,
0.
03

)

1.
90

1.
10

3.
00

48
4.
67

(0
.9
0)

4.
73

(0
.8
7)

0.
06

(−
0.
12

,
0.
24

)
2.
62

(0
.8
1)

2.
81

(0
.8
3)

0.
19

(−
0.
03

,
0.
41

)
1.
51

(0
.3
4)

1.
54

(0
.3
8)

0.
03

(−
0.
07

,
0.
13

)
1.
15

(0
.3
3)

0.
91

(0
.3
7)

−
0.
24

(−
0.
38

,
−
0.
10

)c

1.
90

1.
40

3.
30

8
4.
07

(0
.4
8)

4.
45

(0
.5
7)

0.
38

(−
0.
29

,
1.
04

)
2.
12

(0
.2
9)

2.
50

(0
.3
7)

0.
37

(−
0.
07

,
0.
82

)
1.
49

(0
.4
2)

1.
60

(0
.4
8)

0.
12

(−
0.
12

,
0.
35

)
0.
99

(0
.2
8)

0.
75

(0
.2
4)

−
0.
25

(−
0.
49

,
−
0.
01

)

2.
20

1.
40

3.
60

12
4.
29

(0
.3
9)

4.
34

(0
.5
2)

0.
05

(−
0.
32

,
0.
42

)
2.
46

(0
.4
7)

2.
59

(0
.5
0)

0.
13

(−
0.
23

,
0.
48

)
1.
65

(0
.3
9)

1.
61

(0
.3
5)

−
0.
04

(−
0.
24

,
0.
17

)
1.
07

(0
.2
5)

0.
83

(0
.2
3)

−
0.
23

(−
0.
37

,
−
0.
10

)c

2.
85

1.
65

4.
50

10
4.
39

(0
.7
8)

4.
82

(0
.9
2)

0.
43

(−
0.
04

,
0.
91

)
1.
38

(0
.5
0)

1.
27

(0
.5
3)

−
0.
11

(−
0.
62

,
0.
40

)

A
ll
do

se
s
of

fi
sh

oi
ld

22
5

4.
46

(0
.8
1)

4.
58

(0
.8
4)

0.
12

(0
.0
4,

0.
20

)c
2.
51

(0
.6
7)

2.
68

(0
.7
1)

0.
17

(0
.0
9,

0.
26

)c
1.
51

(0
.3
6)

1.
53

(0
.3
6)

0.
02

(−
0.
02

,
0.
06

)
1.
13

(0
.3
9)

0.
96

(0
.3
8)

−
0.
17

(−
0.
24

,
−
0.
11

)c

F
la
xs
ee
d
oi
l

10
69

4.
44

(0
.7
3)

4.
49

(0
.8
8)

0.
05

(−
0.
06

,
0.
16

)
2.
55

(0
.6
8)

2.
63

(0
.7
3)

0.
08

(−
0.
02

,
0.
17

)
1.
50

(0
.3
0)

1.
50

(0
.3
2)

0.
00

(−
0.
04

,
0.
04

)
1.
03

(0
.3
6)

0.
96

(0
.3
5)

−
0.
07

(−
0.
14

,
−
0.
01

)

a
M
ea
n
di
ff
er
en
ce

(9
9%

C
I)
be
tw
ee
n
da
ys

14
an
d
0
fo
r
al
l
do

se
s
of

fi
sh

oi
l

b
P
ai
re
d
t-
te
st
da
y
14

co
m
pa
re
d
w
ith

da
y
0

c
D
ay

14
si
gn

ifi
ca
nt
ly

di
ff
er
en
t
fr
om

da
y
0,

pa
ir
ed

t-
te
st
P
<
0.
01

d
R
es
ul
ts
fo
r
co
m
bi
ne
d
gr
ou

p
of

al
l
pa
rt
ic
ip
an
ts
co
ns
um

in
g
fi
sh

oi
l

838 L. Hodson et al.



participants and across years is likely to be higher than if the
analytical work had been undertaken by more experienced
technicians. Finally, we only studied young, healthy
females so we can only speculate that the dose–response
incorporation of EPA and DHA into plasma PC would be
similar in young, healthy men. This seems likely, given the
results of a population survey reporting men and women
(25–44 years) had similar-3 LCPUFA status [30].

Taken together, our data describe, the dose-response
relationship between EPA and DHA intake and plasma PC
EPA and DHA mol% and µmol/L after 14 days of sup-
plementation, in young healthy women. We found that per g
intake per day increase in EPA results in a 1.5 mol% or 76
µmol/L increase in plasma PC EPA abundance whilst per g
intake per day increase in DHA results in an increase of
1.1 mol% or 61 µmol/L in plasma PC DHA abundance.
These data highlight that even modest changes in dietary fat
intake are reflected rapidly by plasma PC n-3 FA. In long-
term studies where n-3 FA biomarkers are only measured at
the study beginning and end to determine compliance, it
may prove difficult to distinguish true compliers from non-
compliers if measuring plasma lipid pools [15, 31, 32];
however, the proportion of erythrocyte DHA has been
reported to characterise adherence to EPA and DHA intakes
in long-term interventions [31]. Finally, our data highlight
that short-term supplementation with ALA is reflected
rapidly by plasma PC and has only a modest, if any effect
on n-3 LCPUFA status in this cohort.
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