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Postprandial variability in plasma long-chain omega-3 is
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Background and Objectives: Postprandial variations in plasma triacylglycerol (TAG) responses to vegetable
oils are well established, but their origins remain unclear. This study examined the variability of postprandial
plasma long-chain omega-3 fatty acids (LC omega-3) in response to commonly used supplements and foods and
considers the biological implications of this variability. Methods and Study Design: A literature review was
conducted to identify postprandial studies that reported variability in plasma LC omega-3 responses to supple-
mentation. Studies were included if variability could be expressed as the coefficient of variation (CV) for the area
under the curve (AUC). Results: Twenty-one studies encompassing 36 different treatments were identified. Sup-
plements included LC omega-3 in the form of TAG, monoacylglycerols (MAG), free fatty acids (FFA), ethyl es-
ters (EE), EE with emulsification agents, and whole foods. Variability was consistently observed across all forms;
65% of treatments showed a CV >50% for the AUC. Gastrointestinal (GI) symptoms were reported in some stud-
ies, suggesting possible malabsorption. Conclusions: Substantial inter-individual variability existed in postpran-
dial LC omega-3 responses, independent of the chemical form of supplementation. This variability likely reflects
differences in absorption, enterocyte metabolism, and including malabsorption. Postprandial variability may
therefore contribute significantly to observed differences in tissue LC omega-3 status following LC omega-3 sup-

plementation.
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INTRODUCTION

After meals, the body produces triacylglycerol (TAG)-
rich lipoproteins (chylomicrons) and their remnants. Ele-
vated postprandial TAG concentrations have been linked
to a higher risk of cardiovascular events, such as heart
attacks and strokes. Studies indicate that chylomicron and
remnant concentrations may be more predictive of such
events than fasting TAG measurements. !

Variability in postprandial TAG responses between in-
dividuals is well known and is likely to drive advances in
the use of personalized nutrition. Recent studies have
reported substantial postprandial variability for meals
containing oils such as palm oil or high-oleic sunflower
oil. Newman et al.* studied the postprandial TAG re-
sponse to a mixed ingredients meal containing palm oil in
340 subjects and reported significant variability in re-
sponses over 6-h, including that approx. 2% of subjects
showed minimal plasma TAG appearance by 6-h. In an-
other study by Berry et al.,> more than 1000 people con-
sumed 8 meals differing in macronutrient composition
with the fats/oils being mainly derived from high-oleic
sunflower oil. Large inter-individual postprandial varia-
tions (over 6-h) were reported in TAG, glucose and insu-
lin responses following consumption of identical meals

(the coefficient of variation (CV) in the postprandial re-
sponse for TAG was 103%, and 68% for glucose, and
59% for insulin). Amongst the statistically derived deter-
minants of variability for postprandial TAG, serum lipid
markers had the greatest influence (>20%), serum glyce-
mic markers (>10%), other serum markers (>8%), an-
thropometry (8%), microbiome (7%), and gender (6%).
Meal macronutrients (3.6%) and genetic variants (0.8%)
had minimal impacts on predictions for postprandial li-
paemia.

There have been many LC omega-3 supplementation
studies reported in the literature over the past 30+ years,®
7 but few report the data for individual subjects or refer to
between-subject variability. Some medium to long-term
studies have reported the individual data or have referred
to the variability in the blood LC omega-3 proportions
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following supplementation.®!3 We hypothesized that one
contributor to the variability in plasma and erythrocyte
(RBC) LC omega-3 proportions following supplementa-
tion was variability which occurred during digestion and
absorption of the LC omega-3. Therefore, we reviewed
studies which examined plasma LC omega-3 concentra-
tions in the postprandial period. We found consistent and
substantial variability in the postprandial response to LC
omega-3 supplementation and hypothesized that post-
prandial variability could be a significant contributor to
variability in plasma and RBC LC omega-3 proportions.

METHODS
Literature search strategy and selection criteria of
articles
A systematic search was conducted in two databases—
PubMed and Embase—up to September 2025. We used
the following key words treated as title/abstract for the
literature search: (“plasma docosahexaenoic acid” OR
“plasma DHA” OR “plasma eicosapentaenoic acid” OR
“plasma EPA” OR “plasma docosapentaenoic acid” OR
“plasma DPA” OR “polyunsaturated fatty acid” OR
“plasma LC omega-3 fatty acid” OR “plasma n-3 fatty
acid” OR “fish oil” OR “krill” OR “algal o0il” OR “wax
esters” OR “ethyl esters” OR “FFA” OR “MAG” OR “n-
3 FA enriched foods” OR “LC omega-3 enriched foods™)
AND (“postprandial” OR “acute”). Our search was re-
stricted to studies in humans and studies published in
English. The references of retrieved relevant articles were
reviewed to identify potential publications. AJS and DL
independently conducted the literature search, identified
potential studies, and extracted detailed information from
each included article. Inclusion criteria were controlled
trials with postprandial design; the exposure of interest
was any type of dietary long chain LC omega-3 fatty acid,
the endpoint of interest was plasma LC omega-3 concen-
tration expressed as area under the curve. We excluded
studies in animals, controlled trials without mean =+
SD/SEM, non-original research (reviews, editorials, or
commentaries), abstracts, unpublished studies, and dupli-
cated studies.

RESULTS
We identified 30 original LC omega-3 postprandial stud-
ies which reported area under the curve data (AUC). In
this report, we only considered 21 of these studies since
they reported the AUC curve data as mean with either SD
or SEM. This allowed the expression of the variability by
converting the mean responses to a coefficient of varia-
tion (CV%, SD/mean x 100). Studies reporting 25th and
75th percentile or other ranges were not included as it
was not possible to derive a CV for the responses. The
lipid type of LC omega-3 supplements varied considera-
bly and included fish oils (FO) rich in TAG, lipid diges-
tion products containing LC omega-3 (MAG and FFA),
ethyl esters (EE) of EPA + DHA, krill oil typically rich in
phospholipids (PL), algal oil (rich in polar lipids), EE of
EPA + DHA mixed with novel emulsification agents and
foods/meals rich in TAG containing LC omega-3.

Only two studies reported individual responses. Kohler
et al.!? compared the effects of a single dose of fish oil or
krill oil (1700 mg EPA+DHA) on LC omega-3 concentra-

tions in plasma PL and TAG fractions over a 72-h period
in 15 adult subjects. There were large inter-individual
variations in the incremental area under the curve (1IAUC)
in response to both the fish oil (rich in TAG) and the krill
oil (rich in PL). The individual responses for fish oil and
krill oil were not the same for the plasma PL and plasma
TAG. Furthermore, in the plasma TAG fraction, for krill
oil 2/15 subjects showed no response, while 1/15 (a dif-
ferent subject) showed no response to the fish oil; also
1/15 subjects for the fish oil group showed no response in
the PL fraction. The reported results were converted into
mean CV% for the iIAUC72h responses (SD/ Mean x100).
For the fish oil, the CVs for EPA+DHA in plasma PL and
plasma TAG were 38% and 76%, respectively. For the
krill oil, the CVs for EPA+DHA in plasma PL and plasma
TAG were 37% and 72%, respectively. These results in-
dicated that postprandial variability was evident for two
different dietary lipid supplements, namely LC omega-3-
TAG in the case of the fish oil and LC omega-3-PL
(+FFA and TAG) in the case of krill oil. The other study
reporting individual data was by Stonehouse et al.!* The
effects on plasma DHA concentrations of a single meal of
soup or rice crackers, each containing encapsulated algal
DHA, or capsules of DHA (440mg DHA in each treat-
ment) were studied over a 24-h period in 27 male sub-
jects. There was substantial variability between individu-
als for each treatment. The CVs for iAUC for plasma
DHA were 68% for the soup meal, 76% for the rice
crackers meal and 87% for the capsules of algal oil TAG.

Results of the variability of the 21 postprandial studies
are summarized below and in Table 1 and presented in
detail in Supplementary Table 1.

TAG oil studies (fish oil, re-esterified fish oil, blended
fish oil, sardine/anchovy oil, algal oil, n=6 studies). The
variability, expressed as CV for the AUC or iAUC, for
EPA, DHA or EPA+DHA in plasma TAG or PL ranged
from 38% to 102%, with 7 of 10 data points exceeding
50%. These studies involved from 7 to 27 subjects over
periods from 8h to 72h and used doses which ranged from
415mg up to 1,700mg of EPA+DHA. % 1417.29

PL-rich oil studies (krill oil, PL-enhanced fish oil, po-
lar-rich algal oil, n = 6 studies). The variability, expressed
as CV for the AUC or iAUC, for EPA, DHA or
EPA+DHA in plasma TAG or PL ranged from 28% to
76%, with 5 of 9 data points exceeding a CV of 50%.
These studies involved from 10 to 24 subjects over peri-
ods from 10h to 72h and used doses which ranged from
206mg up to 1,700mg of EPA+DHA. 12151819

FFA studies (Epanova, OM3-CA, unspecified, n=3
studies). The variability, expressed as CV for the AUC or
iAUC, for EPA, DHA or EPA+DHA in plasma ranged
from 34% to 53%, with 3 of 5 data points equal to or ex-
ceeding a CV of 50%. These studies involved from 14 to
26 subjects over 24h and used doses which ranged from
3,264 mg up to 4,000 mg of EPA+DHA.20-22

Monoacylglycerol (MAG) studies (2-MAG, 1(3)-
MAG, MAG unspecified, n=3 studies). The variability,
expressed as CV for the AUC, for EPA, DHA or
EPA+DHA in plasma ranged from 19% to 93%, with 2 of
4 data points equal to or exceeding a CV of 50%. These
studies involved from 7 to 24 subjects over 24h and used
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Table 1. Studies included in this review

Omega-3 lipid supplement Number of Variability in AUC (iAUC) expressed as coefficient of variation (CV%)*
treatments’

TAG 6 38-102%, with 7/10 data points® >50%

PL or polar lipid 6 28-76%, with 5/9 data points >50%

FFA 3 34-53%, with 3/5 data points >50%

MAG 3 19-93%, with 2/4 data points >50%

Ethyl esters (EE) 9 32-154%, with 9/12 data points >50%

Wax esters 1 42% with 0/1 data points >50%

EE or TAG with enhanced 4 31-137%, with 4/6 data points >50%

emulsification

Whole foods 9 21-138%, with 7/10 data points > 50%

Total 41 19-154%, with 37/57 data points >50%

fTreatments = individual treatments within a study.
Coefficient of variation (CV%) = SD/mean x 100

$Data points = number of AUC/iAUC outcomes in each study (eg. plasma TAG, plasma PL, whole plasma, blood).

doses which ranged from 1,247 mg up to 3,000 mg of
EPA+DHA. 172123

Ethyl ester of LC omega-3 studies (Omacor, KD Phar-
ma or unspecified sources, n = 9 studies). The variability,
expressed as CV for the AUC or iAUC, for EPA, DHA or
EPA+DHA in plasma or plasma PL ranged from 32% to
154%, with 9 of 12 data points exceeding a CV of 50%.
These studies involved from 10 to 40 subjects over 24 h
to 72 h and used doses which ranged from 680 mg up to
3,360 mg of EPA+DHA . 15:20.21,23-28

Wax ester study (Calanus finmarchicus oil, n = 1). The
variability, expressed as CV for the iAUC, for
EPA+DHA in plasma was 42%. This study involved 18
subjects over 72h and used a dose of 416mg of
EPA+DHA. Wax esters are considered mostly undigesti-
ble due to the poor efficacy of the carboxylester lipase
and the poor solubility of the wax esters. However, this
study showed that the bioavailability of the wax esters
was similar to that of the comparative EE group.?’

Ethyl esters or TAG with enhanced emulsification
properties studies (n = 4 studies). The variability, ex-
pressed as CV for the AUC or iAUC, for EPA, DHA or
EPA+DHA in plasma or whole blood ranged from 31% to
137%, with 4 of 6 data points exceeding a CV of 50%.
These studies involved from 12 to 40 subjects over 24h to
72h and used doses which ranged from 374mg up to
1680mg of EPA+DHA. The data revealed that the en-
hanced emulsification properties significantly improved
the bioavailability of the EE compared with standard EE,
as judged by the AUC, but variability was still evident.?*
26,29

Whole food studies (TAG) (herring, fish oil, foods with
fish oil, novel foods with algal oil, n = 4 studies). The
variability, expressed as CV for the iAUC for EPA, DHA
or EPA+DHA in ranged from 21 to 138%, with 7 of 10
data points exceeding a CV of 50%. The studies involved
from 17 to 27 subjects over 6h to 24h and used doses
which ranged from 415 mg up to 3200 mg of EPA+DHA.
These studies demonstrated that the food matrix did not
alter the highly variable postprandial plasma LC omega-3
responses to whole food containing TAG-rich in LC
omega-3.1430-32

In summary, the variability in the plasma or blood LC
omega-3 concentrations of the 21 postprandial studies
revealed that there was significant variability in the data

independent of the type of lipid supplement. More than
64% of the treatments had a CV more than 50% for the
AUC or iAUC for plasma EPA, plasma DHA, whole
blood EPA+DHA or plasma EPA+DHA.

DISCUSSION

We showed that in all studies there was significant varia-
bility in the postprandial accretion of LC omega-3 into
plasma (and whole blood) over periods ranging from 6h
to 72 h. Furthermore, the variability was independent of
the lipid type (structure) of the LC omega-3 supplement,
or for LC omega-3 present in whole foods. There have
been few investigations into the causes of the variability
of LC omega-3 responses in the postprandial period,
however there are some indications from the literature
which suggest that some of the variability could result
from some of the LC omega-3 supplements escaping di-
gestion in the duodenum and being excreted into the co-
lon.

To examine which stages of digestion, absorption and
re-assembly of fatty acids into TAG and PL in the entero-
cyte, the studies can be looked at from the stages of di-
gestion and absorption, as outlined in Figure 1.

Lipases and carboxylesterases. LC omega-3 lipid sup-
plements requiring enzymatic digestion (TAG, PL, ethyl
esters and wax esters) all showed substantial variability
(72 % of treatments had CV >50 %). This im-
plies/indicates that within these studies there were indi-
viduals with either high, medium or low plasma accretion
of LC omega-3. This suggests variability in the lipid di-
gesting enzymes and/or the micelle formation which fa-
cilitate the enzymatic processes. To partially address the
issue of micelle formation, it was shown that the ethyl
ester preparations with enhanced micelle formation prop-
erties led to significantly higher plasma LC omega-3 ac-
cretion than ethyl esters, however despite this, the en-
hanced preparations still showed high CV values (31-115
%). Thus, factors other than micelle formation are likely
playing a role in the observed variability. In the case of
those individuals with putatively low plasma LC omega-3
accretion, some of the undigested LC omega-3 oils will
lead to malabsorption of the oils meaning the undigested
lipids will reach the large bowel and be subject to faecal
excretion.
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Figure 1. The various elements in the digestion and absorption of dietary lipids (in supplements or food).3* 34

Lipid digestion products (FFA and MAG). These lipid
products also showed considerable variability in their
accretion into plasma (67 % of treatments had CV >50
%). Again, there will be individuals with either high, me-
dium or low plasma accretion of LC omega-3 and in the
latter case the malabsorption will mean some of these
unabsorbed products (FFA & MAG) will reach the large
bowel and be excreted.

We examined whether the variability was related to the
dose of the LC omega-3 supplement, as shown in Figure
2a. It was clear that dose was not a significant factor in
the variability (r> = 0.002, p >0.05). Another possible
source of variability could be the analytical method
and/or laboratory conditions. Since all studies examined
the postprandial accretion of at least two different lipid
LC omega-3 supplements, we plotted the pairs of treat-
ments conducted in each laboratory as shown in Figure
2b. It was evident from this that there was a weak rela-
tionship between the pairs of studies, with the regression
explaining only 28 % of the variance, and with only 10/27
of the treatment pairs having a CV within 10 % of each
other. This suggests that neither the analytical method nor
the laboratory conditions were likely to be major sources
of the postprandial variability reported here. We then
compared the variability between supplements requiring
enzymatic digestion (TAG + PL) with lipid digestion
products (FFA + MAG). While these studies were not
conducted in the same individuals, there was no signifi-
cant difference between the pre- and post-lipid digestion
lipid supplements (TAG+PL, CV =58 £ 18 % (n = 19
studies, mean + SD) versus FFA+DAG, CV= 49 + 20%
(n = 9 studies) p >0.05). This matter requires a detailed
investigation comparing pre- and post-lipase digestion
supplements in the same subjects.

Since variability was found with all the different lipid
formulations, it is logical that some of the variability was
in the post-digestion and emulsification steps and the ab-

sorption of digested lipids into the enterocytes via fatty
acid transporters, and/or assembly of the absorbed lipids
in the endoplasmic reticulum into TAG and PL, and then
export of these lipids in chylomicrons into the lymph.33 34
These processes collectively involve multiple proteins,
including those related to the apical uptake of fatty acids
into enterocytes (fatty acid translocase CD36, fatty acid
transport protein FATP-4 and plasma membrane fatty
acid binding protein FABP); cytosolic trafficking of
bound fatty acids to the endoplasmic reticulum (FABP-1,
FABP-2); re-esterification of FFA and 2-MAG into TAG
(monoacylglycerol acyltransferase 2 MGAT2, diacyl-
glycerol acyltransferases DGAT1/2); chylomicron as-
sembly (formation and transport) (apolipoprotein B48
ApoB48, microsomal triglyceride transfer protein MTTP,
GTPase/SARIB, ApoA-IV); and secretion of chylomi-
crons into the lymph (Rab8, Rab11, Caveolin-1).3%-7 Pol-
ymorphisms have been reported for many of these pro-
teins, and include polymorphisms in CD36,%%
iFABP/FABP-2,442 FABP-4,* MTTP,*" * ApoB,* and
chylomicron secretion.*® These polymorphisms could
contribute to variability in postprandial responses to LC
omega-3 supplements as discussed here. Furthermore, it
has been reported that the partition of TAG between stor-
age in cytoplasmic lipid droplets in the enterocytes and
secretion in chylomicrons is altered in obesity,3¢ and this
partition is a possible source of variability in response to
lipid supplements between subjects.

Malabsorption of LC omega-3 oils is referred to as a
side effect of LC omega-3 oil consumption in the litera-
ture,*’*8 with effects reported including burping, fishy
taste and gastrointestinal (GI) upsets such as looser stools,
flatulence, malodorous stools and diarrhoea. A review of
five trials which used fish oils in the prevention of reste-
nosis following coronary angioplasty reported that there
was a strong relationship between the dose of fish oil
and GI side effects (trend p <0.0001).*’ There has been
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Figure 2. (a) Relationship between the dose of supplement (mg) and variability of postprandial LC omega-3 AUC, expressed as CV%; (b)
Relationship between the postprandial LC omega-3 CV’s (%) for pairs of treatments within the same laboratory (for example, in Kohler et
al.,'? the AUC for the postprandial LC omega-3 in plasma PL from fish oil (treatment 1) and krill oil (treatment 2) were determined with
the results yielding a CV of 38% for each treatment. In contrast, in Offman et al.,’ the AUC for the postprandial LC omega-3 in plasma
PL from free fatty acids (treatment 1) and ethyl esters (treatment 2) were determined with the results yielding a CV of 34% and 76%, re-

spectively)

inconsistent reporting of adverse events in either post-
prandial or longer-term LC omega-3 studies, however GI-
related adverse effects were reported in three of the post-
prandial studies referred to above (Supplementary Table
1). An example of GI side effects of LC omega-3 inges-
tion was reported in a 24-h postprandial study by Cue-
noud et al*! which used doses of approx. 3g of LC omega-
3; in this study, there were 22 treatment emergent adverse
effects in 11/24 subjects including nausea, diarrhoea, and
headache. Since these effects were not consistently re-
ported in all subjects, malabsorption of LC omega-3
could contribute to inter-individual variability.

These GI-related events support the notion that some of
the ingested fish oil escapes digestion and passes into the
colon and is possibly excreted in the faeces. In support of
this, a review by Costantini et al*® reported that dietary

LC omega-3 supplementation can exert effects on the
intestinal environment in humans including significantly
altering the composition of the gut microbiome, likely
indicating that some of the ingested LC omega-3 escaped
digestion and absorption in the duodenum and exerted
effects on the composition of the microbiota in the large
intestine.

One consequence of variability in the postprandial ab-
sorption and subsequent uptake of LC omega-3 by the
liver would be a variability of the effect of LC omega-3 in
lowering plasma TAG concentrations. Such variability
has been frequently reported and was summarized in a
recent review by Rundblad et al.®® which identified a
number of determinants of the variability, including ge-
netic variants, epigenetics and gene expression profiles,
gut microbiota and habitual intake of LC omega-3. The
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review by Rundblad et al. did not consider variability in
the postprandial response to LC omega-3 supplementa-
tion as a potentially influential factor.>

Several postprandial and longer-term LC omega-3 sup-
plementation studies have identified individuals who
showed little (less than 10% increase over initial baseline
value) or no increase in plasma or RBC LC omega-3 pro-
portions.®1%15 These subjects could be categorised as non-
responders, a topic which has not been pursued in the
literature in the context of LC omega-3 supplementation;
therefore, it is important to define more precisely what
constitutes a non-responder. Clearly, the response to LC
omega-3 supplementation will depend on the dose given
and the length of time of the study. Based on the study by
Sparkes et al. (lowest dose was 0.35g of EPA+DHA for 8
weeks) we propose that a non-responder could be defined
as an individual whose response increases by less than 10
% of the initial value for the plasma or RBC EPA+DHA
proportions.® A recent study used an n = 1 trial design to
precisely characterize the individual glucose responses to
high carbohydrate or high fat meals.’! Perhaps this ap-
proach could be adopted in characterizing individuals’
responses to LC omega-3 supplements? Following the
identification of such individuals, this would presumably
lead to further studies investigating the proteomic and
genomic characteristics of these individuals.

There are several limitations to the current study. First-
ly, since we solely used AUC variability. we did not cap-
ture the potential variability in kinetic parameters such as
time to peak response and the peak postprandial value.
This indicates that further analyses of the collected data
could be investigated to explore the variability of these
additional parameters. The other limitation is that we did
not consider the baseline value of the subjects in each
study as this has been reported to influence the postpran-
dial response.®’

Future directions

We hypothesize that the variability in the digestion and
absorption of LC omega-3 fatty acids, resulting in a vari-
able postprandial response, would lead to variability in
plasma and RBC LC omega-3 proportions following sup-
plementation.

The implications of variability in RBC LC omega-3
proportions, if supported by the above hypothesis, are that
the utility of RBC omega 3 as a measure of status might
be called into question if it is found that there are low and
high responders to LC omega-3 intakes. Furthermore, this
could have significant implications for LC omega-3 trials:
for example, should low responders be excluded from
trials? Finally, there are significant implications for con-
sumers taking LC omega-3 supplements, including
whether low responders gain any biological benefits from
consuming LC omega-3 supplements? These matters will
all need further study.

Conclusions

Postprandial variability in response to TAG ingestion is a
common phenomenon, not restricted to oils rich in LC
omega-3. This paper highlighted the postprandial varia-
bility in response to LC omega-3 oils, with the suggestion
that part of the variability could stem from [a] maldiges-

tion of these oils leading to excretion into the large bowel,
and possibly in faeces and [b] variability in the absorption
of the FFA and/or 2-MAG, ecither into the enterocytes,
and/or the processing of the absorbed lipids into chylomi-
crons and/or the export of these into the lymph. The paper
proposes that postprandial variability in plasma LC ome-
ga-3 responses might contribute to variations in LC ome-
ga-3 proportions in both plasma and RBC following LC
omega-3 supplementation.

SUPPLEMENTARY MATERIALS
All supplementary materials are available upon request to the
editorial office.

CONFLICT OF INTEREST AND FUNDING DISCLO-
SURES

The authors declare no conflict of interest.

This research received no external funding.

REFERENCES

1. Enkhmaa B, Ozturk Z, Anuurad E, Berglund L. Postprandial
lipoproteins and cardiovascular disease risk in diabetes
mellitus. Curr Diab  Rep.  2010;10:61-9.  doi:
10.1007/s11892-009-0088-4.

2. Bansal S, Buring JE, Rifai N, Mora S, Sacks FM, Ridker
PM. Fasting compared with nonfasting triglycerides and risk
of cardiovascular events in women. JAMA. 2007;298:309-
16. doi: 10.1001/jama.298.3.309.

3. Kolovou GD, Mikhailidis DP, Kovar J, Lairon D,
Nordestgaard BG, Ooi TC, Perez-Martinez P, Bilianou H,
Anagnostopoulou K, Panotopoulos G. Assessment and
clinical relevance of non-fasting and postprandial
triglycerides: an expert panel statement. Curr Vasc
Pharmacol. 2011;9:258-70. doi:
10.2174/157016111795495549.

4. Newman JW, Krishnan S, Borkowski K, Adams SH,
Stephensen CB, Keim NL. Assessing Insulin Sensitivity and
Postprandial Triglyceridemic Response Phenotypes with a
Mixed Macronutrient Tolerance Test. Front Nutr.
2022;9:877696. doi: 10.3389/fnut.2022.877696.

5. Berry SE, Valdes AM, Drew DA, Asnicar F, Mazidi M,
Wolf J, et al. Human postprandial responses to food and
potential for precision nutrition. Nat Med. 2020
Jun;26(6):964-973.  doi: 10.1038/s41591-020-0934-0.
Erratum in: Nat Med. 2020;26:1802. doi: 10.1038/s41591-
020-1130-y.

6. de Groot RHM, Emmett R, Meyer BJ. Non-dietary factors
associated with n-3 long-chain PUFA levels in humans - a
systematic literature review. Br J Nutr. 2019;121:793-808.
doi: 10.1017/S0007114519000138.

7. Alijani S, Hahn A, Harris WS, Schuchardt JP.
Bioavailability of EPA and DHA in humans - A
comprehensive review. Prog Lipid Res. 2024:101318. doi:
10.1016/j.plipres.2024.101318.

8. Sparkes C, Sinclair AJ, Gibson RA, Else PL, Meyer BJ.
High Variability in Erythrocyte, Plasma and Whole Blood
EPA and DHA Levels in Response to Supplementation.
Nutrients. 2020;12:1017. doi: 10.3390/nul2041017.

9. Von Schacky C. Omega-3 fatty acids vs. cardiac disease--
the contribution of the omega-3 index. Cell Mol Biol
(Noisy-le-grand). 2010;56:93-101.

10. Kohler A, Bittner D, Léw A, von Schacky C. Effects of a
convenience drink fortified with n-3 fatty acids on the n-3
index. Br J Nutr. 2010;104:729-36. doi:
10.1017/S0007114510001054.



Postprandial variability in plasma LC omega-3

903

11.

12.

13.

14.

15.

16.

20.

21.

22.

Ly R, Maclntyre BC, Philips SM, McGlory C, Mutch DM,
Britz-McKibbin P. Lipidomic studies reveal two specific
circulating phosphatidylcholines as surrogate biomarkers of
the omega-3 index. J Lipid Res. 2023;64:100445. doi:
10.1016/j.j1r.2023.100445.

Kohler A, Sarkkinen E, Tapola N, Niskanen T, Bruheim I.
Bioavailability of fatty acids from krill oil, krill meal and
fish oil in healthy subjects--a randomized, single-dose,
cross-over trial. Lipids Health Dis. 2015;14:19. doi:
10.1186/512944-015-0015-4.

Flock MR, Skulas-Ray AC, Harris WS, Etherton TD,
Fleming JA, Kris-Etherton PM. Determinants of erythrocyte
omega-3 fatty acid content in response to fish oil
supplementation: a dose-response randomized controlled
tria. J Am Heart Assoc. 2013;2:¢000513. doi:
10.1161/JAHA.113.000513.

Stonehouse W, Klingner B, Tso R, Teo PS, Terefe NS,
Forde CG. Bioequivalence of long-chain omega-3
polyunsaturated fatty acids from foods enriched with a novel
vegetable-based omega-3 delivery system compared to gel
capsules: a randomized controlled cross-over acute trial. Eur
J Nutr. 2022;61:2129-41. doi: 10.1007/s00394-021-02795-7.
Schuchardt JP, Schneider I, Meyer H, Neubronner J, von
Schacky C, Hahn A. Incorporation of EPA and DHA into
plasma phospholipids in response to different omega-3 fatty
acid formulations--a comparative bioavailability study of
fish oil vs. krill oil. Lipids Health Dis. 2011;10:145. doi:
10.1186/1476-511X-10-145.

West AL, Miles EA, Lillycrop KA, Han L, Sayanova O,
Napier JA, Calder PC, Burdge GC. Postprandial
incorporation of EPA and DHA from transgenic Camelina
sativa oil into blood lipids is equivalent to that from fish oil
in healthy humans. Br J Nutr. 2019;121:1235-46. doi:
10.1017/S0007114519000825.

. Wakil A, Mir M, Mellor DD, Mellor SF, Atkin SL. The

bioavailability of eicosapentaenoic acid from reconstituted
triglyceride fish oil is higher than that obtained from the
triglyceride and monoglyceride forms. Asia Pac J Clin Nutr.
2010;19:499-505.

. Guarneiri LL, Wilcox ML, Maki KC. Comparison of the

effects of a phospholipid-enhanced fish oil versus krill oil
product on plasma levels of eicosapentaenoic and
docosahexaenoic acids after acute administration: A
randomized, double-blind, crossover study. Nutrition.
2023;114:112090. doi: 10.1016/j.nut.2023.112090.

.Kagan ML, West AL, Zante C, Calder PC. Acute

appearance of fatty acids in human plasma--a comparative
study between polar-lipid rich oil from the microalgae
Nannochloropsis oculata and krill oil in healthy young
males. Lipids Health Dis. 2013;12:102. doi: 10.1186/1476-
511X-12-102.

Offman E, Marenco T, Ferber S, Johnson J, Kling D, Curcio
D, Davidson M. Steady-state bioavailability of prescription
omega-3 on a low-fat diet is significantly improved with a
free fatty acid formulation compared with an ethyl ester
formulation: the ECLIPSE II study. Vasc Health Risk
Manag. 2013;9:563-73. doi: 10.2147/VHRM.S50464.
Cuenoud B, Rochat I, Gosoniu ML, Dupuis L, Berk E,
Jaudszus A, Mainz JG, Hafen G, Beaumont M, Cruz-
Hernandez C. Monoacylglycerol Form of Omega-3s
Improves Its Bioavailability in Humans Compared to Other
Forms. Nutrients. 2020;12:1014. doi: 10.3390/nu12041014.
Jing S, Zhang Z, Chen X, Miao R, Nilsson C, Lin Y.
Pharmacokinetics of Single and Multiple Doses of Omega-3
Carboxylic Acids in Healthy Chinese Subjects: A Phase I,
Open-Label Study. Clin Pharmacol Drug Dev. 2020;9:985-
94. doi: 10.1002/cpdd.800.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Chevalier L, Plourde M. Comparison of pharmacokinetics of
omega-3 fatty acid supplements in monoacylglycerol or
ethyl ester in humans: a randomized controlled trial. Eur J
Clin Nutr. 2021;75:680-8. doi: 10.1038/541430-020-00767-
4.

Bremmell KE, Briskey D, Meola TR, Mallard A, Prestidge
CA, Rao A. A self-emulsifying Omega-3 ethyl ester
formulation (AquaCelle) significantly improves
eicosapentaenoic and docosahexaenoic acid bioavailability
in healthy adults. Eur J Nutr. 2020;59:2729-37. doi:
10.1007/s00394-019-02118-x.

Kang KM, Jeon SW, De A, Hong TS, Park YJ. A
Randomized, Open-Label, Single-Dose, Crossover Study of
the Comparative Bioavailability of EPA and DHA in a
Novel Liquid Crystalline Nanoparticle-Based Formulation
of @-3 Acid Ethyl Ester Versus Omacor® Soft Capsule
among Healthy Adults. Int J] Mol Sci. 2023;24:17201. doi:
10.3390/ijms242417201.

Qin Y, Nyheim H, Haram EM, Moritz JM, Hustvedt SO. A
novel self-micro-emulsifying delivery system (SMEDS)
formulation significantly improves the fasting absorption of
EPA and DHA from a single dose of an omega-3 ethyl ester
concentrate. Lipids Health Dis. 2017;16:204. doi:
10.1186/512944-017-0589-0.

Cook CM, Larsen TS, Derrig LD, Kelly KM, Tande KS.
Wax Ester Rich Oil From The Marine Crustacean, Calanus
finmarchicus, is a Bioavailable Source of EPA and DHA for
Human Consumption. Lipids. 2016;51:1137-44. doi:
10.1007/s11745-016-4189-y.

Schmieta HM, Greupner T, Schneider I, Wrobel S, Christa
V, Kutzner L, Hahn A, Harris WS, Schebb NH, Schuchardt
JP. Plasma levels of EPA and DHA after ingestion of a
single dose of EPA and DHA ethyl esters. Lipids.
2025;60:15-23. doi: 10.1002/lipd.12417.

Ibi A, Chang C, Kuo YC, Zhang Y, Du M, Roh YS, Gahler
R, Hardy M, Solnier J. Evaluation of the Metabolite Profile
of Fish Oil Omega-3 Fatty Acids (n-3 FAs) in Micellar and
Enteric-Coated Forms-A Randomized, Cross-Over Human
Study. Metabolites. 2024;14:265. doi:
10.3390/metabo14050265.

Svelander C, Gabrielsson BG, Almgren A, Gottfries J,
Olsson J, Undeland I, Sandberg AS. Postprandial lipid and
insulin responses among healthy, overweight men to mixed
meals served with baked herring, pickled herring or baked,
minced beef. Eur J Nutr. 2015;54:945-58. doi:
10.1007/s00394-014-0771-3.

Dias CB, Phang M, Wood LG, Garg ML. Postprandial lipid
responses do not differ following consumption of butter or
vegetable oil when consumed with omega-3 polyunsaturated
fatty acids. Lipids. 2015;50:339-47. doi: 10.1007/s11745-
015-4003-2.

Burdge GC, Sala-Vila A, West AL, Robson HJ, Le Fevre
LW, Powell J, Calder PC. The effect of altering the 20:5n-3
and 22:6n-3 content of a meal on the postprandial
incorporation of n-3 polyunsaturated fatty acids into plasma
triacylglycerol and non-esterified fatty acids in humans.
Prostaglandins Leukot Essent Fatty Acids. 2007;77:59-65.
doi: 10.1016/j.plefa.2007.06.003.

Shi Y, Burn P. Lipid metabolic enzymes: emerging drug
targets for the treatment of obesity. Nat Rev Drug Discov.
2004;3:695-710. doi: 10.1038/nrd1469.

Wang TY, Liu M, Portincasa P, Wang DQ. New insights
into the molecular mechanism of intestinal fatty acid
absorption. Eur J Clin Invest. 2013;43:1203-23. doi:
10.1111/eci.12161.

Xiao C, Stahel P, Lewis GF. Regulation of Chylomicron
Secretion: Focus on Post-Assembly Mechanisms. Cell Mol



904

AJ Sinclair and D Li

36.

37.

38.

39.

40.

41

42.

43.

Gastroenterol Hepatol. 2019;7:487-501. doi:
10.1016/j.jemgh.2018.10.015.

Engin AB, Engin A. The Checkpoints of Intestinal Fat
Absorption in Obesity. Adv Exp Med Biol. 2024;1460:73-
95. doi: 10.1007/978-3-031-63657-8_3.

Anderson CM, Stahl A. SLC27 fatty acid transport proteins.
Mol Aspects Med. 2013;34:516-28. doi:
10.1016/j.mam.2012.07.010.

Melis M, Carta G, Pintus S, Pintus P, Piras CA, Murru E,
Manca C, Di Marzo V, Banni S, Tomassini Barbarossa I.
Polymorphism rs1761667 in the CD36 Gene Is Associated
to Changes in Fatty Acid Metabolism and Circulating
Endocannabinoid Levels Distinctively in Normal Weight
and Obese Subjects. Front Physiol. 2017;8:1006. doi:
10.3389/fphys.2017.01006.

Yazdanpanah Z, Mozaffari-Khosravi H, Mirzaei M,
Sheikhha MH, Salehi-Abargouei A. A systematic review
and meta-analysis on the association between CD36
131761667 polymorphism and cardiometabolic risk factors
in adults. Sci Rep. 2022;12:5916. doi: 10.1038/s41598-022-
09908-0.

Marin C, Pérez-Jiménez F, Gomez P, Delgado J, Paniagua
JA, Lozano A, Cortés B, Jiménez-Goémez Y, Gomez MJ,
Lopez-Miranda J. The Ala54Thr polymorphism of the fatty
acid-binding protein 2 gene is associated with a change in
insulin sensitivity after a change in the type of dietary fat.
Am J Clin Nutr. 2005;82:196-200. doi:
10.1093/ajcn.82.1.196.

.Rivera-iﬁiguez I, Gonzalez-Becerra K, Ramos-Lopez O,

Peréz-Beltran YE, Chagiién-Hernandez MS, Martinez-
Lopez E, Mendivil EJ. Lipid-Related Genetic Variants for
Personalized Dietary Interventions: A Systematic Review.
Mol Nutr Food Res. 2023;67:€2200675.  doi:
10.1002/mnfr.202200675.

Zhao T, Nzekebaloudou M, 1v J. Ala54Thr polymorphism of
fatty acid-binding protein 2 gene and fasting blood lipids: a
meta-analysis.  Atherosclerosis.  2010;210:461-7.  doi:
10.1016/j.atherosclerosis.2009.11.049.

Gertow K, Bellanda M, Eriksson P, Boquist S, Hamsten A,
Sunnerhagen M, Fisher RM. Genetic and structural

44.

45.

46.

47.

48.

49.

50.

51.

evaluation of fatty acid transport protein-4 in relation to
markers of the insulin resistance syndrome. J Clin
Endocrinol Metab. 2004;89:392-9. doi: 10.1210/jc.2003-
030682.

Tan J, Zhang J, Zhao Z, Zhang J, Dong M, Ma X, Liu S, Xin
Y. The association between SNPs rs1800591 and rs3816873
of the MTTP gene and nonalcoholic fatty liver disease: A
meta-analysis. Saudi J Gastroenterol. 2020;26:171 - 8. doi:
10.4103/sjg.SJG_201_20. Epub ahead of print.

Zhu H, Yu L, Feng L. Association of apolipoprotein B Xbal
(rs693) polymorphism and gallstone disease risk based on a
comprehensive analysis. Genes Environ. 2021;43:17. doi:
10.1186/s41021-021-00189-z.

Levy E, Beaulieu JF, Spahis S. From Congenital Disorders
of Fat Malabsorption to Understanding Intra-Enterocyte
Mechanisms Behind Chylomicron Assembly and Secretion.
Front Physiol. 2021;12:629222. doi:
10.3389/fphys.2021.629222.

O'Connor GT, Malenka DJ, Olmstead EM, Johnson PS,
Hennekens CH. A meta-analysis of randomized trials of fish
oil in prevention of restenosis following coronary
angioplasty. Am J Prev Med. 1992;8:186-92.

Belluzzi A, Brignola C, Campieri M, Camporesi EP,
Gionchetti P, Rizzello F, Belloli C, De Simone G, Boschi S,
Miglioli M, et al. Effects of new fish oil derivative on fatty
acid phospholipid-membrane pattern in a group of Crohn's
disease patients. Dig Dis Sci. 1994;39:2589-94. doi:
10.1007/BF02087694.

Costantini L, Molinari R, Farinon B, Merendino N. Impact
of Omega-3 Fatty Acids on the Gut Microbiota. Int J Mol
Sci. 2017;18:2645. doi: 10.3390/ijms18122645.

Rundblad A, Sandoval V, Holven KB, Ordovas JM, Ulven
SM. Omega-3 fatty acids and individual variability in
plasma triglyceride response: A mini-review. Redox Biol.
2023;63:102730. doi: 10.1016/j.redox.2023.102730.

Ma Y, Fu Y, Tian Y, Gou W, Miao Z, Yang M, Ordovas
IJM, Zheng JS. Individual Postprandial Glycemic Responses
to Diet in n-of-1 Trials: Westlake N-of-1 Trials for
Macronutrient Intake (WE-MACNUTR). J Nutr. 2021 Oct
1;151:3158-67. doi: 10.1093/jn/nxab227.



