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Abstract

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: A literature review
was conducted to identify postprandial studies that reported variability in plasma LC omega-3
responses to supplementation. 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. Supplements included LC omega-3 in the form
of TAG, monoacylglycerols (MAG), free fatty acids (FFA), ethyl esters (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 studies,
suggesting possible malabsorption. Conclusions: Substantial inter-individual variability existed in
postprandial LC omega-3 responses, independent of the chemical form of supplementation. This
variability likely reflects differences in absorption, enterocyte metabolism, and possibly
malabsorption. Postprandial variability may therefore contribute significantly to observed
differences in tissue LC omega-3 status.

Keywords: omega-3 fatty acids; long-chain omega-3 fatty acids; postprandial metabolism;
inter-individual variability; triacylglycerol; Monacylglycerol; free fatty acids; ethyl esters;
lipid absorption; supplementation; malabsorption; enterocyte metabolism

1. Introduction

After meals, the body produces triacyglycerol (TAG)-rich lipoproteins (chylomicrons) and their
remnants. Elevated postprandial triglyceride levels have been linked to a higher risk of
cardiovascular events, such as heart attacks and strokes. Studies indicate that chylomicron and
remnant levels may be more predictive of such events than fasting TAG measurements [1-3].

Variability in postprandial TAG responses between individuals is well known and is likely to
drive advances in the use of personalised nutrition. Recent studies have been reported postprandial
variability for meals containing oils such as palm oil or high-oleic sunflower oil. Newman et al. [4]
studied the postprandial TAG response to a mixed ingredients meal containing palm oil in 340
subjects and reported significant variability in responses over 6-h, including that approx. 2% of
subjects showed minimal plasma TAG appearance by 6-h. In another study by Berry et al. [5], more
than 1000 people consumed 8 meals differing in macronutrient composition with the fats/oils being
mainly derived from high-oleic sunflower oil. Large inter-individual postprandial variations (over 6-
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h) were reported in TAG, glucose and insulin responses following consumption of identical meals
(the coefficient of variation (CV) in the postprandial responses for TAG was 103%, and 68% for
glucose, and 59% for insulin). Amongst the statistically derived determinants of variability for
postprandial TAG, serum lipid markers had the greatest influence (>20%), serum glycemic markers
(>10%), other serum markers (>8%), anthropometry (8%), microbiome (7%), and gender (6%). Meal
macronutrients (3.6%) and genetic variants (0.8%) had minimal impacts on predictions for
postprandial lipaemia.

There have been many LC omega-3 supplementation studies reported in the literature over the
past 30+ years [6,7], but few report the data for individual subjects or refer to variability. Several
medium to long-term studies reported the individual data or refer to the variability in the blood levels
of LC omega-3 following supplementation [8-13]. We hypothesised that one contributor to the
variability in plasma and erythrocyte (RBC) LC omega-3 levels following supplementation was
variability which occurred during digestion and absorption of the LC omega-3. Therefore, we
investigated the variability in the plasma LC omega-3 levels in the postprandial period. We found
consistent and substantial variability in the postprandial response to LC omega-3 supplementation
and hypothesised that postprandial variability could be a significant contributor to variability in
plasma and RBC LC omega-3 levels.

2. Materials and Methods

Literature search strategy and selection criteria of articles

A systematic search was conducted in two databases —PPubMed and Embase —up to June 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 restricted 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
concentration expressed as area under the curve. We excluded studies in animals, controlled trials
without meantSD/SEM, non-original research (reviews, editorials, or commentaries), abstracts,
unpublished studies, and duplicated studies.

3. Results

We identified 30 original LC omega-3 postprandial studies which reported area under the curve
data (AUC). In this report, we only considered 21 of these 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 variation (CV, SD/mean * 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 considerably and included fish oils (FO) rich in TAG, lipid
digestion 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. [12] compared the effects of a
single dose of fish oil or krill oil (1700 mg EPA+DHA) on LC omega-3 levels 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 (iIAUC) to both the fish oil (rich in TAG) and the krill oil (rich in
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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 different 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
iAUC72n responses (SD/Mean *100). 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 indicated 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. 2022 [14], in which the effects on plasma DHA levels of a
single meal of soup or rice crackers with encapsulated algal DHA or capsules of DHA (440mg DHA
in each treatment) were studied over a 24-h period in 27 male subjects. There was substantial
variability between individuals 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 summarised below and presented in
detail in Table Al.

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 1700mg of EPA+DHA [12,14-17,29].

2.  PL-rich oil studies (krill oil, PL-enhanced fish oil, polar-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 periods from 10h to 72h and used doses which ranged from
206mg up to 1700mg of EPA+DHA [12,15,18,19].

3. 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 exceeding a CV of 50%. These studies involved from 14 to 26 subjects
over 24h and used doses which ranged from 3264mg up to 4000mg of EPA+DHA [20-22].

4.  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 doses which ranged from 1247mg up to 3000mg of
EPA+DHA [17,21,23].

5.  Ethyl ester of LC omega-3 studies (Omacor, KD Pharma 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 24h to 72h and used doses which ranged from 680mg
up to 3360mg of EPA+DHA [15,20,21,23-28].

6. 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 undigestible 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 [27].

7.  Ethyl esters with enhanced emulsification properties (n=4 studies). The variability, expressed
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 enhanced emulsification properties significantly
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improved the bioavailability of the EE compared with standard EE, as judged by the AUC, but
variability was still evident [24-26,29].

8.  Whole food studies (TAG) (herring, oils, foods with fish oil, novel foods, 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 415mg up to 3200mg 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 [14,30-32].

9. In summary, the variability in the plasma or blood LC omega-3 levels 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 in excess of 50% for the AUC or iAUC
for plasma EPA, plasma DHA, whole blood EPA+DHA or plasma EPA+DHA (Table 1).

Table 1. Summary of the postprandial variability in the area under the curve (AUC) or incremental AUC data

for different chemical forms of the LC omega-3 supplements.

Omega-3 lipid Number of Variability in AUC (iAUC) expressed as
supplement treatments?! coefficient of variation (CV)?
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 0/1 data points >50%
EE with enhanced 4 31-137%, with 4/6 data points >50%
emulsification
Whole foods 4 21-138%, with 7/10 data points > 50%
Total 36 19-154%, with 37/57 data points >50%

ITreatments = individual treatments within a study. 2Coefficient of variation (CV)= SD/mean*100. *Data points
=number of AUC outcomes (eg. TAG, PL, etc).

4. Discussion

We showed that in all studies there was significant variability in the postprandial accretion of
LC omega-3 into plasma (and whole blood) over periods ranging from 6h to 72h. 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 at the postprandial level, 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 digestion in the duodenum and being excreted into the colon.

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

1. Lipases and carboxylesterases. LC omega-3 lipid supplements requiring enzymatic digestion
(TAG, PL, ethyl esters and wax esters) all showed substantial variability (72% of treatments had
CV>50%). This implies/indicates that within these studies there were individuals with either
high, medium or low plasma accretion of LC omega-3. This suggests variability in the lipid

digesting enzymes and/or the micelle formation which facilitate the enzymatic processes. To
partially address the issue of micelle formation, it was shown that the ethyl ester preparations
with enhanced micelle formation properties led to significantly higher plasma LC omega-3
accretion than ethyl esters, however despite this, the enhanced preparations still showed high
CV values (31-115%). Thus, factors other than micelle formation are likely playing a role in the
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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 pass into the large bowel and be subject to faecal excretion.

2. 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, medium 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 pass
into 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 (r2= 0.002,
p>0.00). Another possible source of variability could be the analytical method and/or laboratory
conditions. Since all studies examined the postprandial availability of at least two lipid types, we
plotted the pairs of treatments conducted in each laboratory as shown in Figure 2b. It was evident
from this that there was a weak relationship between the pairs of studies, with the regression
explaining on 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 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 significant
difference between the pre- and post-lipid digestion lipid supplements (TAG+PL, CV =58£18% (n=19
studies, meantSD) versus FFA+DAG, CV= 49+20% (n=9 studies) p>0.05). This matter requires a
detailed investigation comparing pre- and post-lipase supplements in the same subjects,

Figure 1. The various elements in the digestion and absorption of dietary lipids (in supplements or food) (33, 34)

Stomach (acid pH)
Step 1 Gastric lipase digests approx. 10-30% dietary lipids TAG—> 12-DAG and FFA

Duodenum (alkaline pH)

Step2 Emulsification of dietary lipids with bile salts, cholesterol and PC

Step3 Pancreatic lipase digestion, colipase TAG -= FFA and 2-MAG;
12-DAG -2 1-, 2-, or 3-MAG and FFA
Pancreatic phospholipase digestion PC —> LysoPC and FFA
Carboxylester lipase digestion FFA-ethyl -> FFA

Wax ester -> FFA

Step 4 Formation of mixed micelle to facilitate absorption of digestive products

by various transporters in the enterocytes

Enterocyte
Step5 Synthesis of chylomicron TAG and PL and export in chylomicrons

e intestine

Step 6  Excretion of undigested lipids

Figure 1. The various elements in the digestion and absorption of dietary lipids (in supplements or food)
(33,34)
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Figure 2. (a) Relationship between the dose of supplement (mg) and variability of AUC (CV%); (b) relationship

between CV’s (%) for pairs of treatments within the same laboratory.

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 absorption 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 (including relevant enzymes such as acylCoA synthetase;
1-acyl-glycerol-3-phosphate acyltransferase; MAG acyltransferase; DAG acyltransferase; acetylCoA-
cholesterol acyltransferase), and then export of these lipids in chylomicrons into the lymph [33,34].
Wang et al. (34) note that intestinal fatty acid absorption involves multiple genes, however it is not
known which steps play a critical role in absorption of intestinal fatty acids; furthermore, they report
that little is known about the variability in the multi-step processes of absorption of lipid digestion
products or the variability in the enzymatic activities involved in the assembly of chylomicron lipids,
either with specific reference to LC omega-3 or other common fatty acids.

Malabsorption of LC omega-3 oils is referred to as a side effect of LC omega-3 o0il consumption
in the literature [35,36] with effects reported including burping, fishy taste and gastrointestinal (GI)
upsets such as looser stools, flatulence, malodorous stools and diarrhea. A review of five trials which
used fish oils in the prevention of restenosis following coronary angioplasty reported that there was
a strong relationship between the dose of fish oil and GI side effects (trend p<0.0001) [35]. There has
been inconsistent reporting of adverse events in either postprandial or longer-term LC omega-3
studies, however Gl-related adverse effects were reported in three of the postprandial studies
referred to above (Table Al). An example of GI side effects of LC omega-3 ingestion was reported in
a 24-h postprandial study by Cuenoud et al. [21] 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,
diarrhea, and headache. Since these effects were not consistently reported in all subjects,
malabsorption of LC omega-3 could contribute to inter-individual variability.

These Gl-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. [37] 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 absorption and subsequent uptake of LC
omega-3 by the liver would a variability of the effect of LC omega-3 in lowering plasma TAG levels.
Such variability has been frequently reported and was summarised in a recent review by Rundblad
et al. (38) which identified a number of determinants of the variability, including genetic variants,
epigenetics and gene expression profiles, gut microbiota and habitual intake of LC omega-3. This
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review did not consider variability in the postprandial response to LC omega-3 supplementation as
a potentially influential factor.

Several postprandial and longer-term studies have identified individuals who showed little or
no increase in plasma or RBC LC omega-3 levels [8-10,15]. 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. A recent study designed to precisely characterise the individual glucose responses
to high carbohydrate or high fat meals used an n=1 trial design (39). Perhaps this approach could be
adopted in characterising 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.

Future Directions

We hypothesise that the variability in the digestion and absorption of LC omega-3 fatty acids,
resulting in a variable postprandial response, would lead to variability in plasma and red blood cell
LC omega-3 levels following supplementation.

The implications of variability in red blood cell LC omega-3 levels, 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 consumers 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.

5. 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 variability in response to LC
omega-3 oils, with the suggestion that part of the variability could stem from [a] maldigestion 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, either into the enterocytes, and/or the processing of the
absorbed lipids into chylomicrons and/or the export of these into the lymph. The paper proposes that
postprandial variability in plasma LC omega-3 responses might contribute to variations in LC omega-
3 levels in both plasma and RBC following LC omega-3 supplementation
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The following abbreviations are used in this manuscript:

LC omega-3 Long chain omega-3
TAG Triacylglycerol

PL Phospholipids

FFA Free fatty acids

MAG Monoacylglycerol

EE Ethyl esters

Ccv Coefficient of Variation
AUC Area Under the Curve
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Table Al. Study details of the LC omega-3 postprandial studies grouped by the type of lipid supplement.

. Postprandial CV for
Dose & subject .
Supplement type detail Study details the Comments Reference
etails
AUC/AUC
TAG oils
Nine adverse
events: 1 after
CV foriAUC fish oil, 5 after
Plasma PL EPA+DHA krill meal and 3
59.2422.2 (SD), after the fish oil
1700 mg EPA+DHA, 72-h study, with
CV=38% (note double
. . n=15 (8F, 7M) healthy breakfast (29g fat), Kohler et al.
TAG (fish oil) . Plasma TAG entries for fish oil
adults from northern standardised lunch, . . 2015 (12)
EPA+DHA 35.0+26.5 which might be
Finland. dinner and supper.
(SD) an error). Most

CV="76%
(AUC % x h).

events were
classified as mild,
and included

loose stools.

1680mg EPA+DHA, n=

Re-esterified fish oil,

(TAG)

12 (M) healthy adult

from Germany.

72-h study,
capsules with
breakfast (30.1g
fat). Standardised
meals consumed

throughout study.

CV for AUC

Plasma PL EPA+DHA,
59.8+36.8 (SD),
CV=62%.

(AUC - % x h).

Schuchardt et
al. 2011 (15)

Adverse events

not mentioned

TAG
(blended fish oil)

452 mg EPA+DHA,
n=20 (10F, 10M)
healthy young adults
from the UK.

8-h study with
breakfast (49.5g
fat).

CV foriAUC

F: Plasma TAG
EPA+DHA 63.1+1.8
(SEM) (SD 48.2), CV=
76%

M: Plasma TAG
EPA+DHA 84.417.4
(SEM) (SD 31.7), CV=
38%

F: Plasma PC
EPA+DHA 159.9+25.1
(SEM) (SD 112.2), CV=
70%

M: Plasma PC
EPA+DHA 167.7430.3
(SEM) (SD 135.4) CV=
81%

(IAUC umol/L x h).

No reported
West et al. 2019
(16)

adverse effects
were reported

during trial

TAG (fish oil)

4.5g fish oil (19.8%
EPA, 7.9% DHA,
1247mg EPA+DHA),

24-h study, no
breakfast.

CV for AUC

Plasma EPA 25.3+11.2
(SD),

CV=44%

Did not report
Wakil et al.

any adverse
2010 (17)

effects

© 2025 by the author(s).
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n=7 healthy subjects (no units provided for
from the UK. AUCQC)
PL-rich oils
CV foriAUC
Plasma PL EPA+DHA
Adverse events
1700 mg EPA+DHA as 72-h study, with ~ 89.1+33.4 (SD), CV= . .
o mild. One subject
X . krill oil, n=15 (8F, 7M) breakfast (29g fat), 38% Kohler et al.
PL-rich (Krill oil) . reported
healthy adults from  standardised lunch,Plasma TAG . d 2015 (12)
increase
northern Finland. dinner and supper EPA+DHA 24.5+17.6 :
defecation.
(SD), CV=76%
(1AUC % x h).
KO had high
CV for AUC FFA levels
A 72-h study, .
. Plasma PL EPA+DHA containing EPA
capsules with
. o 1680mg EPA+DHA, n= 80.0+34.7 (SD), and DHA (22%,
PL-rich (Krill oil) breakfast (30.1g Schuchardt et
12 M healthy. from CV=43% 19% of total
fat). Standardised al. 2011 (15)
Germany. content,
meals consumed
(AUC % x h). respectively).
throughout study.
Adverse events
not mentioned
206mg EPA+DHA, One adverse
CV foriAUC
n=24 (14F, 10M), A 24-h study, no event - upper
Plasma EPA+DHA
. . healthy subjects from breakfast just resp tractinf. - Guarneiri et al.
PL-rich (Krill oil) 4484248 (SD)
USA (48% non- water. Low fat CV = 55% judged to be 2023 (18)
Hispanic/Other, 52% lunch/dinner . ’ unrelated to
. . . (IAUC nmol/ml x hr)
Hispanic/Latino). treatment.
337mg EPA+DHA, One adverse
CV foriAUC
n=24 (14F, 10M), A 24-h study, no event - upper
Plasma EPA+DHA
... healthy subjects from breakfast just resp tractinf. -  Guarneiri et al.
PL-enhanced Fish oil 4404286 (SD) — .
USA (48% non- water. Low fat OV = 65% judged to be 2023 (18)
Hispanic/Other, 52% lunch/dinner . ’ unrelated to
. . . (IAUC nmol/ml x hr)
Hispanic/Latino).. treatment.
CV foriAUC
1.02g EPA, 0.54g DHA, Plasma EPA 137£39
. o n=10 (10M), healthy A 10-hr study, 55g (SD), CV=28% Adverse events Kagan et al.
PL-rich (Krill oil) . .
subjects from breakfast Plasma DHA 7039  not mentioned 2013 (19)
Germany. (SD), CV=56%
(iAUC ug/ml/hr)
CV foriAUC
Plasma EPA 277+135
) . 15gEPA,n=10 (M),
Polar rich algal oil (incl. ) A 10-hr study, 55g (SD), CV=49% Adverse events Kagan et al.
L. healthy subjects from .
glycolipids & PC) G breakfast Plasma DHA 65+45 not mentioned 2013 (19)
ermany.
Y (SD) CV=69%
(IAUC ug/ml/hr)
EFA
4 x 1g cap of each type.
FFA contained 0.55g
EPA, 0.22g DHA/g. 24-h study, low fat .
CV foriAUC
Dose =2200mg EPA, breakfast (<10%en
Plasma EPA + DHA
880 mg DHA, n=26  fat). The study was Adverse events Offman et al.
FFA (Epanova) geom mean 19.1,
healthy subjects from conducted at the CV=34% not mentioned. 2013 (20)
USA (3 non- end of 2-week trial ’
. . ] (IAUC nmol x hr/ml)
Hispanic/Other, 23 taking 4g FFA/day.
Hispanic/Latino).

Distributed under a Creative Commons CC BY license.
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1748mg EPA +1516mg
DHA as FFA, n=24,

A 24-h study. No
(15F/9M) normal

FFA (OM3-FFA) breakfast but fat-

healthy adults (but
. . free lunch &
finished with n=21- )
dinner.
23/group) from
Switzerland.

CV for AUC

Plasma EPA 14964734

(SD),
CV=149%

Plasma DHA 13561676

(SD),
CV=50%
(AUC nmol-h/ml).

There were 22
adverse events

(mild) reported
Cuenoud et al.

by 11 subjects
2020 (21)

including
nausea, diarrhea,
headache.

In a continuation

CV foriAUC
of the
Plasma EPA
postprandial
975.6£517.3 (SD), .
A 24-h study; study, subjects
CV=53%
4g EPA+DHA as FFA, supplements were provided Jing et al.
FFA (OM3-CA) . Plasma DHA
n=14 (7F/7M), healthy consumed with low supplement for 2020 (22)
probably EPANOVA . . 273.6%144 (SD),
Chinese subjects. fat (<10%) CV=53% 14 days, and 6/14
breakfast. ° subjects reported
at least one mild
(IAUC h x ug/mL)
adverse event
(diarrhea).
MAG
Did not mention
3000 mg EPA+DHA CV for AUC of adverse
(1800 mg EPA, 1200mg Plasma EPA+DHA events. Does not Chevalier and
MAG A 24h study, with
DHA), n=20 (10F, 89.6+17.0 (SD), mention Plourde 2021
(Maxsimil 3020) . breakfast 20% fat .
10M), healthy subjects CV=19%. positional (23)
from Canada (AUC mg/dl x h) distribution of
MAG.
MAG 4.5g MAG oil (19.8% CV for AUC
Enzymatically produced EPA, 7.9% DHA; Plasma EPA 13.4£12.5 Did not report
A 24hr study, no Wakil et al.
oil followed by 1247mg EPA+DHA), (SD), any adverse
o . ] breakfast 2010 (17)
distillation, with EPA  n=7 healthy subjects CV=93%. effects
main FA. from the UK. (no units provided)
CV for AUC
There were 22
1655mg EPA +1275mg Plasma EPA 1486626
adverse events
DHA, n=24, (15F/9M) A 24-h study. No (SD), CV=42%
(mild) reported
13)-MAG normal healthy adults breakfast but fat- Plasma DHA 1206+600 Cuenoud et al.

(but finished with free lunch &

n=21-23/group ) from dinner.

Switzerland.

(SD), CV=50%

(AUC nmol-h/ml).

by 11 subjects

) ] 2020 (21)
including

nausea, diarrhea,

headache.

Ethyl esters (EE)

A 24-h study, low
fat breakfast
(<10%en fat)

1860mg EPA, 1500mg
DHA. n=26/arm (10F,

16M), healthy subjects
Ethyl esters (Lovanza)

CV foriAUC

postprandial study Plasma EPA + DHA  Adverse events Offman et al.

from USA (4 non- treatment 3.32, CV="76%. not mentioned 2013 (20)
Hispanic/Other, 22 conducted at the  (1IAUC nmol x hr/ml)
Hispanic/Latino). end of 2-weeks
trial.
CV foriAUC
680mg EPA+DHA, Plasma EPA+DHA
Ethyl esters A 24hr study, with Adverse events Bremmell et al.
. L n=30 (20F,10M) from 150.2+40.5 (SEM) (221 ]
(fish oil origin) . breakfast (2g fat) not mentioned 2020 (24)
Australia. SD), CV =147%.

(units not supplied)
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A 72-h study, CV for AUC
capsules with Plasma PL EPA+DHA:
1680mg EPA+DHA, n=
Ethyl esters breakfast (30.1g ~ 47.5£38.4 (SD), Adverse events Schuchardt et
12 healthy M . from . .
(GmbH) G fat). Standardised CV=81% not mentioned. al. 2011 (15)
ermany.
Y meals consumed  (AUC % x h).
throughout study.
CV for AUC
Ethyl esters 3080mg There were 22
Plasma EPA: 163252
(1700mg EPA, 1380mg A 24-h (SD) adverse events
DHA), n=24, F15/M9  postprandial study. (mild) reported
Ethyl esters CV=154% . Cuenoud et al.
normal healthy adults No breakfast but by 11 subjects
(Omacor) o ) Plasma DHA: 5624695 ] 2020 (21
(but finished with fat-free lunch & (SD) including
n=21-23/group) from dinner. ’ nausea, diarrhea,
] CV=124%
Switzerland. headache.
(AUC nmol-h/ml).
CV for AUC
A 72-h study,
Plasma EPA 914+464
1000mg ethyl esters  breakfast, 15-20%
(SD), CV=41% No adverse
Ethyl esters omega-3, n=12 (M) fat 20 min before Kangetal.,
Plasma DHA 4041216, events were
(Omacor) healthy adults from  single dose of 2023 (25)
. . CV=53% reported
Republic of Korea. capsules with
200mL water.
(AUC ug/ml x h).
A 48-h study,no CV foriAUC
3360mg EPA+DHA,  breakfast, capsules Plasma EPA+DHA
Ethyl esters n=40 (20F/20M) consumed with 46.96+31.05 (SD), No adverse
Qin et al., 2017
healthy adults from  water, but low-fat CV=66%. events were 26)
Switzerland and the  lunch (<15g) and reported.
UK. standard meals (iIAUC ug x h/mL/g).
thereafter.
CV foriAUC L
No significant
840mg EPA+DHA as A 72-h study, Plasma EPA+DHA .
Ethyl esters : changesin GI ~ Cook et al.
EE, n=18(9F, 9M) from breakfast with 23g 764493 (SEM) (395 SD),
(Lovaza) symptoms over 2016 (27)
USA. fat CV=>52%. .
. study period
(iIAUC ug x h/mL)
3g EPA+DHA 1800 mg CV for AUC
EPA, 1200mg DHA, Plasma EPA+DHA Did not mention Chevalier and
Ethyl esters A 24h study, with
X n=20 (10F, 10M), 38.4+12.4 (SD), of adverse Plourde 2021
(no brand mentioned) ] breakfast 20% fat
healthy subjects from CV =32%. events. (23)
Canada. (AUC mg/dl x h)
CV foriAUC
EPA: Plasma EPA
2024mg EPA, 1921 mg 24614279 (SEM), 882
A 72-h cross-over No adverse

EPA and DHA ethyl = DHA (oil form), n=10 . SD, CV=36% Smieta et al.
) study, with effects were
esters (KD Pharma) (M) healthy subjects DHA: Plasma DHA 2025 (28)
breakfast (36.6g fat) reported.
from Germany. 10214170 (SEM), 538
SD, CV=53%
(1AUC ug/ml)
Wax ester
. o CV foriAUC o
4g oil containing No significant
Wax ester A 72-h study, Plasma EPA+DHA
. . 260mg EPA and 156 : changesin GI ~ Cook et al.
(Calanus finmarchicus breakfast with 23g 931492 (SEM) (391 SD),
. mg DHA, n=18(9F, symptoms over 2016 (27)
oil) fat CV=42%.
9M) from USA. study period
(IAUC ug x h/mL)
EE with enhanced
emulsification
properties
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Self-emulsifying drug

delivery system,

680mg EPA+DHA
Aquacelle EE n=30
(18F, 12M), healthy

A 24-hr study, with

CV for AUC

Plasma EPA+DHA
Adverse events Bremmell et al.
460.31+69.8 (SEM) (381

. breakfast (2g fat) not mentioned 2020 (24)
Aquacelle ethyl esters subjects from SD), CV =83%
Australia. (units not supplied)
580mg novel liquid CV for AUC
) ) A 72-h study,
microcrystalline Plasma EPA 929+285
breakfast, 15-20%
Ethyl esters of omega-3 nanoparticle ethyl . (SD), CV=31% No adverse
. fat 20 min before Kangetal,,
with enhanced esters of omega-3, n=12 Plasma DHA 5414287, events were
. single dose of 2023 (25
solubility (M) healthy adults . CV=53% reported.
. capsules with
from Republic of
200mL water.
Korea. (AUC ug/ml x h).
. A 48-h study,no CV foriAUC
Ethyl esters with self
. o 1680mg EPA+DHA,  breakfast, capsules Plasma EPA+DHA
microemulsifying . No adverse
. n=40 (20F/20M) consumed with ~ 358+141 (SD), .
delivery system events were Qin et al., 2017
L. healthy adults from  water, but low-fat CV=39%
(SMEDS) containing . reported (26
Switzerland and the  lunch (<15g) and
ethyl esters .
UK. standard meals (IAUC ug x h/mL/g).
thereafter.
CV foriAUC
. Blood total LC omega-
Single meal, cross-over 3

study. The standard
and enteric-coated

capsules contained

Standard capsule
1498.9+443 (SEM), 1534

SD,
600mg omega-3 .
A : A 24-h study with CV=102%
TAG either enteric (400mg EPA +200mg .
breakfast (bagel,  Enteric-coated capsule .
coated or as DHA); the ] No side effects
R . cream cheese, jam); 2057.2+813.7 (SEM), Ibi et al. 2024
microencapsulated microencapsulated . were reported
. lunch and dinner 2819 SD, (29)
emulsified form form contained 374mg during the study.
. R provided (no CV=137%
(LipoMicel, LMF) omega-3 (200mg EPA; . )
details) Microencapsulated
133 mg DHA; 41 mg )
capsule
DPA)., n=12 healthy
16150+5454 (SEM),
adults (gender not
18892 SD,
specified) from
CV=117%.
Canada.
(iIAUC ng/mL x h)

Whole Foods

Whole food (herring)
rich in omega-3 TAG

Single meal, cross-over
A 7-h study, meal

of baked or pickled
herring (29g fat,
EPA+DHA 22% in

study. The meals
contained 3.2g omega-
3 (baked herring) and
2.7¢ omega-3, (pickled

g‘ g2, (p baked herring and
herring). n=17 (M)

. . 18% in pickled
overweight subjects .
herring).
from Sweden.

Baked herring -CV for
iAUC

Plasma EPA 108.3+
14.5 (SEM) (59.8 SD),
CV=56%

Plasma DHA 120.0+
20.0 (SEM) (82.5 SD),
CV=68%

Pickled herring - CV
for iAUC

Plasma EPA 93.9+10.8
(SEM) (44.5 SD), CV=
48%

Plasma DHA
101.1£13.3 (SEM) (54.8
SD), CV=54%

(IAUC mg/L x h).

Svelander et
al., 2015 (30)

Did not report

side effects.
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Butter + omega-3 - CV
for iAUC
) Plasma total omega-3
Single meal, cross-over
A 6-h study, meal 161.55+34.2 (SD), CV=
study. The meals
. . of mashed potato  21%
Butter or sunflower oil contain 1.9g omega-3 . . .
L . plus butter or Sunflower oil + Did notreport  Dias et al.
supplemented with fishplus either 38g butter .
. . sunflower oil plus omega-3 - CV for adverse events. 2015 (31)
0il TAG or 32g sunflower oil. .
omega-3 (1.8g iAUC
n=26 (18F, 8M) from
. EPA+DHA). Plasma total omega-3
Australia.
164.89+42.02 (SD),
CV=26%
(no units provided)
Standard meal CV for
iAUC
Plasma TG EPA
0.5+0.1 (SEM), 0.45 SD,
Single meal, cross-over CV=289%
study. The standard Plasma TG DHA
A 6-h study, meals
meal contained 0.4g . -0.5£0.2 (SEM), 0.9 SD,
were a liquid .
Standard meal or EPA+DHA, and . CV=180% Did not report
k . emulsion together k Burdge et al.
standard meal enriched enriched meal . Enriched meal CV for adverse events.
o . . with toast and i 2007 (32)
with fish oil contained 2.3g . iAUC
jam/marmalade
EPA+DHA (1.2g EPA, Plasma TG EPA
(55-56g fat).
1.1g DHA), n=20 (10F, 3.240.4 (SEM), 1.79 SD,
10M) from UK. CV=56%
Plasma TG DHA
1.3+0.4 (SEM), 1.79 SD,
CV=138%
(units not mentioned)
CV foriAUC
Soup: Plasma DHA
Single breakfast, cross- A 24-h cross-over 8069+5500(SD),
Soup or rice crackers  over study. Each study, all CV=68%
. . . No adverse
with encapsulated algal treatment contained  treatments Rice Crackers : Plasma
events were Stonehouse et
DHA (HighDHA) or  400mg DHA and 14- included standard DHA 7367+5599 (SD), .
reported during al. 2022 (14)
capsules of DHA 15mg EPA, n=27 (M) breakfast (7.3g fat) CV="76% the stud
e stu
(HighDHA) from Australiaand  and low-fat snacks, DHA capsule: Plasma Y
Singapore. lunch and dinner. DHA 9864+8603 (SD),
CV=87%.
(IAUC ug/ml x hr)
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