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Introduction to omega-3 fatty acids
Omega-3 polyunsaturated fatty acids are naturally occur-
ring fatty acids found particularly in fish oil, and have 
been extensively investigated for their health benefits. 
The two main omega-3 fatty acids found in fish oil 
are 5,8,11,14,17-eicosapentaenoic acid (all Z-) (EPA, 
C20:5n-3), and 4,7,10,13,16,19-docosahexaenoic acid 
(all Z-), (DHA, C22:6n-3) (Figure 1). The term omega-3 
refers to the position of the first double bond in the  
alkyl chain.

Figure 1. Structures of the principal omega-3 fatty acids

Crude fish oil is refined in several stages to produce 
omega-3 products for human consumption (Figure 2). 
The refining process involves neutralization to remove free 
fatty acids, winterization to remove phospholipids, and 

steam treatment to remove odorous compounds1,2. The 
refined fish oil contains a mixture of fatty acids in the form 
of triglycerides (TAG). The approximate composition of 
omega-3 products in the refined fish oil is ca. 18 % EPA 
and ca. 12 % DHA, so each triglyceride will on average 
contain one omega-3 fatty acid side chain.

Chemical trans-esterification of the triglycerides to the 
ethyl ester form of the omega-3 fatty acids is carried out by 
treatment with ethanol under base catalysis, followed by 
high vacuum distillation to give a mixture of fatty acid ethyl 
esters (EE). The omega-3 content in the product can be 
increased to > 60 % by this refining process1,2.

The omega-3 ethyl esters can be further trans-esterified 
by an enzymatic process using Candida antarctica lipase, or 
chemically via the free fatty acid, to give a mixture of tri-, 
di- and mono-glyceride esters1,3,4. This product is called 
re-esterified triglyceride (rTG) and contains a similar high 
proportion of omega-3 fatty acids as the ethyl esters. How-
ever, the omega-3 fatty acid chains are now in all three 
side chain positions of the glycerol, whereas the original 
fish oil triglyceride has the omega-3 side chain mainly at 
the 2-position3,4.

Hydrolysis of the omega-3 ethyl esters gives the omega-3 
free fatty acids (FFA), but these are unstable and easily oxi-
dized, so they are not used as a commercial form of dietary 
omega-3. AvailOm® is a new stabilized form of omega-3, 
as the omega-3 fatty acid is stabilized as a complex with 
l-lysine. 

AvailOm® is a novel solid form of omega-3 polyunsatu-
rated fatty acids consisting of a complex of the omega-3 
with the natural amino acid l-lysine. The new compound 
has a high content of the key omega-3 polyunsaturated 
long chain fatty acids EPA and DHA. The powder form 
of the product allows it to be incorporated into a wide 
variety of applications, such as tablets, capsules and 
functional foods. AvailOm® is rapidly dissociated in the 
stomach into the omega-3 free fatty acids and l-lysine, 
and it is therefore highly bioavailable. Human trials have 

shown that omega-3 free fatty acids have a bioavailabil-
ity 50 % higher than the triglycerides and 3 to 5 times 
higher than the ethyl esters. This effect is particularly 
pronounced when the omega-3 fatty acids are consumed 
as part of a low fat diet. AvailOm® has all the same clinical 
effects as other forms of omega-3 fatty acids, with appli-
cations in the areas of cardiovascular health, cognitive 
health, inflammatory disease, and as an adjuvant in cancer 
therapy.
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Figure 2. Process for refining omega-3 fatty acids

Several other processes have been developed for isolation 
and purification of the omega-3 products from fish oil, 
including supercritical extraction, chromatography, and 
complexation of the free fatty acids with urea. These meth-
ods are described in comprehensive reviews2,5,6. Omega-3 
fatty acids have also been isolated from krill oil, which has 
a different composition, being about 40 – 50 % phospho-
lipids, 30 – 40 % triglycerides, and the remainder free fatty 
acids7. Antarctic krill oil from Euphausia superba contains 
about 13 % EPA and 8 % DHA.

Properties of AvailOm®
AvailOm® is a novel solid form of omega-3 polyunsaturated 
fatty acids in the form of a compound with the natural 
amino acid l-lysine. By making a solid form of omega-3, 
Evonik has produced a product which is easy to handle, and 
can be readily formulated, e. g. into tablets (Figure 3).

Figure 3. AvailOm® allows omega-3 oil to be compressed into 
tablets 

The principal omega-3 polyunsaturated fatty acids present in 
AvailOm® are EPA and DHA, and the content of EPA+DHA 
is ≥ 45 %. The content of l-lysine is ≥ 30 %. Details of the 
principal constituents of AvailOm® are given in Table 1. The 
balance of the composition of AvailOm® consists of lysine 
salts of other fatty acids, and the exact composition, as well 
as the ratio of EPA to DHA, will depend on the acid compo-
sition of the starting omega-3 oil3 used for the manufacture 
of AvailOm®. AvailOm® is manufactured by Evonik using a 
patented process, which can be adapted for oils with dif-
ferent ratios of EPA and DHA for use in a wide variety of 
applications.

Table 1. AvailOm®: Principal Components. 

Name 5,8,11,14,17-Eicosapentaenoic acid  
(all Z-), compound with L-lysine

4,7,10,13,16,19-Docosahexaenoic acid  
(all Z-), compound with L-lysine

Formula

HO

O

O

O

NH₂

C26H44N2O4

O

O

O

HO
NH₂

C28H46N2O4

Molecular weight 448.65 g/mol 474.69 g/mol

Appearance Free flowing beige to yellowish powder
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Figure 4. Accelerated storage stability data for AvailOm®
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Figure 5. Long term storage stability data for AvailOm®
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The formation of a solid form of omega-3 fatty acid as a 
compound with lysine gives the omega-3 complex a higher 
degree of stability with respect to oxidative degradation, 
which can give an omega-3 product a rancid smell, and lead 
to “fishy burps” after ingestion. Figure 4 shows the results of 
an accelerated storage test (50 °C, open container), compar-
ing AvailOm® with a commercial omega-3 fatty acid ethyl 
ester. The indicators of the presence of oxidation products, 
namely anisidine value and peroxide value, remain close to 
zero, while the iodine number, an indication of the degree 
of unsaturation in the fatty acid, remains constant8. 

The same increased stability of the lysine complex 
AvailOm® was found in long term stability trials conducted 
over 24 months at 25 °C and 60 % relative humidity. As 
shown in Figure 5, the anisidine value (AV), the peroxide 
value (PV), and the TOTOX value (2*PV + AV) all remain 
close to zero over this period, and the TOTOX value is well 
within the specification limits for the product. Figure 5 also 
shows the storage stability of AvailOm® (25 °C, 60 % rela-
tive humidity) with respect to the HPLC assays of the prin-
cipal fatty acid components EPA and DHA8. The stability 
of AvailOm® is superior to that of other forms of omega-3 
polyunsaturated fatty acids, including the triglycerides, 
ethyl esters, free fatty acids and inorganic fatty acid salts 
(e. g. sodium, potassium, calcium and magnesium).

Although AvailOm® is currently manufactured as a complex 
of omega-3 polyunsaturated fatty acids with l-lysine, simi-
lar complexes can be formed with other basic amino acids, 
and these also show improved physical form and stabil-
ity. Such suitable basic amino acids include l-arginine and 
l-ornithine, which can be used to add tailored properties to 
the omega-3 complex.

Evonik has completed dissolution studies to show that 
the omega-3 fatty acid lysine complex AvailOm® is com-
pletely dissociated in the gastric fluid of the stomach to 
give the individual components EPA, DHA and l-lysine8. 
The safety of the product AvailOm® is based on the safety 
of the components EPA, DHA and lysine, which all occur 
endogenously in the diet, and have been assessed as safe 
by the regulatory authorities (up to a total intake of 5 g 
EPA+DHA / day)9. A 14 day repeated dose toxicity study 
on AvailOm® in rats demonstrated no adverse effects up to 
5 % omega-3 fatty acid lysine complex in the diet, equiva-
lent to 4400 mg / kg body weight / day8.

Formulation options for AvailOm®
As AvailOm® is a novel solid form of omega-3 fatty acids, 
there are many opportunities for new formulations, and 
for the incorporation of AvailOm® into functional foods. 
AvailOm® can be directly compressed into tablets, using 
standard excipients and tableting equipment. Tablets can 
also be made with combinations of omega-3 and other 
nutrients, for example various vitamins. AvailOm® can also 
be filled into hard capsules. In addition, AvailOm® can be 
incorporated as a powder into new functional foods, where 
the rapid bioavailability of the omega-3 and the lack of a 
fish-oil aftertaste can be advantageous. When formulated 
into tablets and capsules for immediate release, AvailOm® 
is released in the stomach, and the omega-3 free fatty acids 
are absorbed in the small intestine. If required to remove 
all occurrence of “fishy burps”, which can be a negative 
property of omega-3 products for consumers, enteric for-
mulations are also possible, where the omega-3 free fatty 
acids are released in the small intestine. In this case, rapid 
absorption of the free fatty acids is also possible, as there is 
no need for ester hydrolysis before absorption. 
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Physiology, metabolism and absorption of 
AvailOm®
The absorption of omega-3 fatty acids by the enterocytes 
in the gut lumen is well understood and has been exten-
sively reviewed4,10. A simplified version of the metabolic 
pathway, showing the hydrolysis and absorption of three 
forms of omega-3; the triglycerides (as present in fish oil), 
the ethyl esters and the free fatty acids, is presented in 
Figure 6. AvailOm®, as a compound containing a free fatty 
acid combined with an amino acid, has been shown to be 
rapidly hydrolyzed under the strongly acid conditions pres-
ent in the stomach, to give the omega-3 free fatty acids and 
l-lysine hydrochloride8. For the purposes of this discussion, 
therefore, AvailOm® will be considered to be equivalent to 
the free fatty acids.

Dietary fatty acids and their esters, as well as those taken 
orally as supplements, are converted into an emulsion by 
churning in the stomach, and transported in this form into 
the small intestine. In order to be absorbed through the 
wall of the enterocytes in the small intestine, the omega-3 
polyunsaturated fatty acid products must be converted into 
a suitable form. The triglycerides found in fish oil cannot 

be directly absorbed by the enterocytes, so must first be 
hydrolyzed by the action of pancreatic lipase. This removes 
the fatty acids in the 1- and 3-positions, giving free fatty 
acid and the 2-monoglyceride, which can be absorbed 
through the enterocyte cell wall. The omega-3 fatty acid 
ethyl esters, on the other hand, require an additional 
pancreatic enzyme, bile salt-dependent pancreatic lipase, 
for hydrolysis before they can be absorbed by the entero-
cytes. This is a slower process, which explains the lower 
bioavailability of the ethyl esters compared with other 
forms of omega-3. AvailOm®, after rapid dissociation into 
free fatty acid and lysine, can be directly absorbed by the 
enterocytes, giving it a much higher level of bioavailability. 
It has been found that the efficiency of absorption of 
omega-3 fatty acids is also dependent on the diet; a high 
fat diet taken together with the omega-3 supplement 
increases the production of pancreatic lipase, so that all 
types of omega-3 products exhibit a higher availability. On 
the other hand, a low fat diet reduces the bioavailability of 
products requiring pancreatic lipase for hydrolysis, particu-
larly the ethyl esters10.

E
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and free fatty acid

No hydrolysis
required

Enterocyte 
cell wall
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Figure 6. Comparison of the mechanism of absorption of different forms of omega-3 products
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Figure 7. Comparison of the absorption of the main omega-3 products from krill oil and from fish oil

Once absorbed into the enterocytes in the gut, the further 
metabolism of the omega-3 fatty acids is the same, and 
is independent of the source of the omega-3. The fatty 
acids are re-esterified to triglycerides, which are then 
incorporated into chylomicrons, which is the form that the 
triglycerides are transported into the general circulation. 
The omega-3 fatty acids are transported in the blood to 
the target tissues where they are incorporated into cell 
membranes, for example, in heart muscle, in the brain and 
nervous system and in the retina4. They are responsible for 
several cellular functions including cell membrane structure 
and fluidity, and cell-to-cell interaction and signaling.

Compared with fish oil, krill oil has a different make-up of 
its fatty acids. Although some of the fatty acids are present 
as triglycerides, as in fish oil, about 40 % of the total fatty 
acids have been found to be in phospholipids, the most 
common of which is phosphatidylcholine, and about 20 % 
of the EPA and DHA have been observed to be present as 
free fatty acids11,12. In the small intestine, the phospholip-
ids are hydrolyzed by pancreatic lipases at the 2-position 
to give a free fatty acid and lyso-phosphatidylcholine, 
which can be absorbed by the enterocytes as part of mixed 

micelles (Figure 7)11. Phospholipids are seen to be essen-
tial for the formation of mixed micelles and, because of 
their increased hydrophilicity, may increase the binding of 
digestive enzymes and the rate of hydrolysis of other lipids. 
AvailOm® is made from material derived from fish oil rather 
than krill oil, and does not contain phospholipids. However 
the process used for manufacture of AvailOm® from fish 
oil would also be applicable to krill oil as an alternative raw 
material.
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Bioavailability of the different forms of omega-3
Bioavailability studies on the various forms of omega-3 
fatty acids have been conducted both in animals and in 
humans. A review by Ghasemifard13 summarizes the results 
of animal studies, while a review by Schubert4 together 
with the Ghasemifard review13 describe the various human 
trials which have been published. Compared with the 
extensive work that has been performed in humans, the 
animal studies are not good predictors of the bioavailability 
of the various forms of omega-3 fatty acids.

The reviews on bioavailability4,13 describe 18 and 17 
human studies, respectively, with the earliest dating from 
1987. Many of these studies look at differences between 
the types of fish oil used, or compare the ethyl ester and 
triglyceride forms only. Six of the human trials also include 
the omega-3 free fatty acid in the comparison, and four 
of these provided sufficient data to be considered in more 
detail.

The first such study is by El Boustani14, which compares 
different forms of EPA (Figure 8). These are the triglycer-
ide (TAG), the ethyl ester (EE), the free fatty acid (FFA) 
and the arginine salt (Arg). This is the only human trial 
which compares an omega-3 free fatty acid with the amino 
acid salt of the same fatty acid. The trial was performed 
with a small group of 24 subjects. As shown in Figure 8, 
the absorption peaks at 3 – 5 hours after ingestion of a 
single dose of the omega-3 product. The curves for the 
free acid and the arginine salt are roughly similar, demon-
strating that the arginine salt is rapidly dissociated in the 
body and is absorbed in the same way as the free fatty acid. 
The bioavailability of the free fatty acid and the arginine 
salt is 30 – 35 % above that of the triglycerides, and 3 times 
that of the ethyl ester, which is absorbed very sluggishly.

The second study is by Lawson15, who compared the 
absorption of EPA as the triglyceride, the ethyl ester and 
the free fatty acid. There were 8 subjects in each group, 
who received single doses of the omega-3 product, and 
were monitored over 8 hours. Again the maximum absorp-
tion was reached after 5 hours (Figure 8). The free fatty 
acid was shown to have the highest bioavailability, being 
3.1 times that of the ethyl ester and 40 % higher than that 
of the triglyceride fish oil.
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Figure 8. Bioavailability trials of different forms of omega-3 
in humans14,15.
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In a third study, Beckermann16 compared triglyceride, ethyl 
ester and the free fatty acid. The study involved 8 adult 
females, who all consumed a low fat diet together with a 
single dose of omega-3. The peak absorption of both EPA 
and DHA for the free fatty acid was more than twice that 
of the ethyl ester, and was also considerably higher than 
that of the triglyceride (Figure 9). Peak absorption was 
reached in about 6 hours. To get a better picture of the 
overall bioavailability, the authors also calculated the areas 
under the curves in Figure 9 to determine the total amount 
of omega-3 absorbed. For both EPA and DHA, this showed 
that the total bioavailability of the omega-3 taken as free 
fatty acid was > 4 times higher than that of the ethyl ester 
and 80 % higher than that of the triglyceride.

The final trial was conducted as a study of the effect of two 
pharmaceutical forms of omega-3 on hypertriglyceridemia 
in a group of 54 overweight men and women10. The prod-
ucts tested were pharmaceutical grade omega-3 containing 
both EPA and DHA either in the form of the ethyl ester 
(Lovaza®) and the free fatty acid (Epanova®). The omega-3 
product was given as a single 4 g dose, and the subjects 
were monitored over 24 hours. The trial was performed 
with the subjects on either a low fat or a high fat diet 
during the 24 hours of the study. As this was a four-way 
crossover trial, all the participants were subjected to each 
product / diet in turn. The results for the low fat diet and 
for the high fat diet are shown in Figure 10. 

The charts show a clear effect of diet on the absorption 
of omega-3. The peak absorption rate is reached after 5 
hours, in line with other studies. In each case the maximum 
absorption rate of the free fatty acid is higher than that of 
the ethyl ester. For the low fat diet, the peak absorption of 
the free fatty acid is 5 times that of the ethyl ester, while 
for the high fat diet, the peak absorption is 50 % higher. In 
both cases the peak absorption was also higher for the high 
fat diet. For the free fatty acid, the peak absorption was 
2.5 times higher than with the low fat diet, while for the 
ethyl ester, the peak absorption was 10 times higher in the 
high fat diet. The total amount of omega-3 absorbed was 
calculated from the area under the curves. For the high fat 
diet, the free fatty acid had a bioavailability 30 % higher 
than the ethyl ester, while for the low fat diet, the bioavail-
ability of the free fatty acid was 4 times higher than that of 
the ethyl ester.

The results from the Beckermann and Davidson studies 
can be explained by the more rapid absorption of the free 
fatty acid from the gut. The ethyl ester requires the provi-
sion of pancreatic lipases for hydrolysis before absorption, 
and these are produced in larger quantities in conjunction 
with a high fat meal, so that more ethyl ester is hydrolyzed 
and absorbed. In the case of the low fat diet, more of the 
omega-3 ethyl ester is excreted before hydrolysis and 
absorption. It is interesting, however, that the provision of 
a high fat diet also enhances the absorption of the free fatty 
acid, both the peak amount and also the total absorption 
over 24 hours (60 % higher total absorption of free fatty 
acid when accompanied by a high fat diet). As omega-3 
supplements are often consumed together with a low fat 
diet in order to reduce triglyceride and cholesterol levels, 
or as part of a weight loss program, then the results pre-
sented here regarding the improved omega-3 absorption 
of the free fatty acid in conjunction with a low fat diet are 
particularly important.
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Figure 10. Differential absorption of different forms of  
omega-3 as a function of diet10

The authors of the study also reported on a phase 2b open 
label clinical trial of the free fatty acid product, compared 
with literature results already published on the ethyl ester 
product (52 weeks at 4 g omega-3 product / day). In both 
the ethyl ester and free fatty acid cases, the EPA level in 
blood plasma had stabilized by week 16. In the free fatty 
acid trial group the EPA levels increased 351 % from base-
line, compared with an increase of 163 % from baseline in 
the published ethyl ester trial data14. 

Studies conducted with krill oil:  
No human studies have been reported where the bioavail-
ability of krill oil has been compared with that of the free 
fatty acid. However several studies have been published 
where krill oil has been compared with triglycerides and 
ethyl ester derived from fish oil. Schuchardt11 gave a group 
of 12 men either refined omega-3 triglycerides, omega-3 
ethyl ester or krill oil (each containing 2 g total omega-3 
fatty acids) and followed the absorption by measuring the 
increase in EPA and DHA in plasma phospholipids over 72 
hours (see Figure 11). The absorption peaked later than 
in the trials reported above, but this could be because the 
measurements were made on the phospholipids in plasma. 

The results showed that the absorption of krill oil was more 
efficient than the triglycerides which in turn was more 
efficient than the ethyl ester. This study could only give a 
general ranking, because of the large error bars in the data. 
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Figure 11. Comparison of fish oil and krill oil omega-3 
absorption11. 

A larger scale study was reported by Yurko-Mauro17,  
who performed a repeated dose trial with 66 subjects over 
28 days. The participants received 1.3 g / day EPA + DHA, 
either in the form of fish oil triglycerides, fish oil ethyl 
ester, or krill oil. After 28 days the mean plasma levels of 
EPA + DHA were in the order krill oil > triglycerides > ethyl 
ester, but the authors did not consider the difference to be 
statistically significant. In addition the authors point out 
that the relative levels of triglycerides and phospholipids in 
krill oil can vary widely, depending on the source and the 
diet of the krill (phytoplankton or zooplankton). It should 
also be noted that krill oil contains less EPA and DHA than 
fish oil, and therefore the dose has to be higher to achieve 
the same intake of omega-3 fatty acids. No studies have 
been performed to compare krill oil with free omega-3 
fatty acids or with amino acid complexes such as AvailOm®. 
However the data available suggest that AvailOm® and 
free fatty acids will both have a much higher level of avail-
ability than krill oil, up to 3 – 5 times higher on the basis 
of the human study results presented above. In addition, 
AvailOm® contains a much higher level of omega-3 fatty 
acids compared with krill oil. 
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Applications of AvailOm® and omega-3 fatty 
acids:
Numerous trials have been reported on the health effects 
of omega-3 fatty acids and fish oils containing omega-3 
fatty acids. Details of individual studies can be found 
in recent reviews18,19. Some of the areas where there is 
clear evidence of a positive effect are discussed below. 
Only some of these effects have been acknowledged by 
the European Food Standards Agency (EFSA) and nine 
health claims for the omega-3 fatty acids EPA and DHA 
have been approved. Other health claims for additional 
proposed effects have been submitted to EFSA but have 
been rejected.

Approved EFSA Health Claims for omega-3 fatty acids:
•	DHA contributes to the maintenance of normal vision20,21.
•	DHA contributes to the maintenance of the normal brain 

function20,21.
•	EPA and DHA contributes to the normal function of the 

heart21,22.
•	DHA contributes to the maintenance of normal blood 

triglycerides level20.
•	DHA and EPA contributes to the maintenance of normal 

blood pressure22.
•	DHA and EPA contributes to the maintenance of normal 

blood triglycerides level22.
•	Docosahexaenoic acid (DHA) maternal intake contributes 

to the normal development of the eye of the foetus and 
breastfed infants23

•	Docosahexaenoic acid (DHA) maternal intake contributes 
to the normal brain development of the foetus and 
breastfed infants23

•	Docosahexaenoic acid (DHA) intake contributes to the 
normal visual development of infants up to 12 months of 
age23 

These claims may be used only for foods which contain a 
certain minimum amount of DHA or EPA and DHA. The 
conditions of use of each claim are laid down in Regula-
tions (EU) No 432/2012 and No 440/2011.

Qualified FDA Health Claim for omega-3 fatty acids:
•	Supportive but not conclusive research shows that con-

sumption of EPA and DHA omega-3 fatty acids may 
reduce the risk of coronary heart disease. One serving of 
[Name of the food] provides [ ] gram of EPA and DHA 
omega-3 fatty acids24.

See www.fda.gov for conditions of use for qualified health 
claims for EPA and DHA.
 

Recommended dietary intake of omega-3 fatty acids: 
EFSA and the United Nations Food and Agriculture organi-
zation (FAO) have recommended minimum dietary intake 
for the omega-3 fatty acids EPA and DHA. For adults the 
recommendation is a minimum of 0.25 g / day EPA+DHA. 
For pregnant females, an additional 0.1 – 0.2 g / day DHA 
is recommended19,25.26. 

EFSA has also considered a maximum daily intake for 
omega-3 fatty acids27. It was decided that there was insuf-
ficient information to recommend a maximum daily intake, 
but found that consumption of EPA + DHA up to 5 g / day, 
EPA alone up to 1.8 g / day and DHA alone up to 1 g / day 
had not produced adverse health effects in reported trials27. 
Similar recommendations have been made by the Global 
Organization for EPA and DHA Omega 3s (GOED). They 
recommend 0.5 g / day EPA + DHA for the general popula-
tion, 0.7 – 1.0 g / day for pregnant or lactating women, 
and > 1 g / day for high risk groups (e. g. with high blood 
pressure)28. The American Heart Association recommends 
1 g / day EPA + DHA for those with a history of heart dis-
ease, while the FDA recommends that supplements should 
not exceed 2 g / day EPA + DHA24.
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Effects on cardiovascular health: 
The effects of omega-3 fatty acids in both preventing 
cardiovascular disease, and in reducing the severity 
of effects in people who already have cardiovascular 
disease, have been extensively reported, and meta-
analyses have aggregated data from multiple studies 
including more than 400,000 participants. The main 
protective effect of the omega-3 fatty acids is via 
reduction of plasma triglycerides, and trials have shown 
particular efficacy in reducing high levels of dyslipid-
emia. Additional effects of omega-3 fatty acids have 
been found to be a reduction in blood pressure and a 
reduction in inflammation18. These are all risk factors 
for atherosclerosis. In people who already have a history 
of cardiovascular disease, there is some evidence of a 
protective effect (measured in terms of a reduced inci-
dence of death from myocardial infarction), but other 
trials have failed to reproduce these results. The protec-
tive effect of omega-3 fatty acids here are believed to 
be a lower heart rate and reduced incidence of heart 
arrhythmia, an anti-inflammatory effect and an anti-
thrombotic effect18,29. Related to the effects on cardio-
vascular health is the action of omega-3 fatty acids in 
the prevention and treatment of obesity and metabolic 
syndrome29. Obesity is associated with an increased 
risk of developing hypertension, insulin-resistance and 
dyslipidemia. The consumption of omega-3 fatty acids 
has been shown to have an effect on reducing insulin-
resistance and triglyceride levels, but the evidence of  
an effect on insulin sensitivity is not convincing.

Effects on cognitive health: 
The main omega-3 fatty acid found in the brain and 
in the retina of the eye is DHA. DHA is important for 
neurotransmission and neuronal membrane stability18. 
It is required for the rapid brain growth which occurs in 
later pregnancy and in the first year of life, and is trans-
mitted to the infant via the placenta and breast milk. 
Supplementation of DHA has been recommended for 
women during pregnancy and breastfeeding, although 
the evidence for improved cognitive development in 
the infant is not conclusive. 

There is increasing evidence that omega-3 fatty acids, 
and particularly DHA, are essential for maintain-
ing a healthy brain throughout life18,30,31. Animal and 
human studies have indicated that omega-3 fatty acids 
may protect against brain aging by reducing neuronal 
inflammation, oxidative damage and vascular aging31. 
Inflammation, mitochondrial dysfunction and oxidative 
damage are also factors in both cognitive decline and 
Parkinson’s disease. There have been no clinical tri-
als for omega-3 fatty acid for Parkinson’s, but positive 
effects have been found in trials to improve memory 
and learning in cognitively healthy subjects and those 
with a mild cognitive impairment30. Low levels of 
omega-3 fatty acids are found in children with atten-
tion deficit / hyperactivity disorder (ADHD). A review 
of 25 studies on the effect of supplements of omega-3 
fatty acids on ADHD concluded that they had a posi-
tive effect on the condition, particularly in patients with 
mild forms of the condition32. The effect of omega-3 
supplementation on other mental disorders has also 
been reported. Omega-3 fatty acids, and in this case 
particularly EPA, have been shown to have a posi-
tive effect on major depressive disorder, other types 
of depression, and bipolar disorder33,34. The omega-3 
supplements may act as an adjuvant when given along-
side conventional anti-depressant medication. The use 
of DHA has also been recommended for use in the 
treatment of mild traumatic brain injury (concussion)35.
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Effects on inflammatory disease: 
As well as an anti-inflammatory effect in cardiovascu-
lar disease, where chronic low-grade inflammation is 
a contributory factor, omega-3 fatty acids have been 
applied in a wide range of other conditions where 
inflammation is the main response. These include 
rheumatoid arthritis, inflammatory bowel disease and 
asthma, among others. EPA and DHA in particular have 
been shown to influence inflammatory processes such 
as leukocyte migration and the production of inflam-
matory cytokines. This is in contrast to the omega-6 
fatty acid arachidonic acid, which is the precursor for 
pro-inflammatory eicosanoids18. The effect of omega-3 
fatty acids has been most studied in rheumatoid arthri-
tis. The omega-3 compounds EPA and DHA decrease 
the arachidonic acid content of cells involved in immune 
responses, and also are precursors for the anti-inflam-
matory and inflammation-resolving compounds known 
as resolvins. A review of human studies has shown a 
consistent but modest benefit of omega-3 fatty acids 
with respect to joint swelling and pain, duration of 
morning stiffness and the use of non-steroidal anti-
inflammatory drugs36. A related inflammatory condition 
is systemic lupus erythematosus, where some reduction 
of symptoms has been observed after regular supple-
mentation with omega-3 fatty acids37.

As an adjuvant in cancer therapy: 
A number of human trials have been conducted where 
omega-3 fatty acids have been used as an adjuvant to 
conventional chemotherapy18,38,39. These have been 
based on the knowledge of the anti-inflammatory 
properties of the omega-3 fatty acids, and mechanisms 
have been proposed by which the omega-3 compounds 
can affect tumor cell proliferation, invasion and metas-
tasis39. Long term dietary studies on populations who 
consume a fish-rich diet have found a lower incidence 
of cancer, particularly those cancers which are linked to 
inflammation38. As well as direct effects on the cancer 
treatment, such as lower remission rates, and a better 
tolerance of chemotherapy, which have been observed 
using either DHA, EPA, or a mixed omega-3 fatty acid 
product, improvements have been observed in other 
areas. The level of weight loss (cachexia) observed 
with some cancers, can be reduced or, in some cases, 
an increase in weight was observed. In some of the 
trials, patients reported a better quality of life, includ-
ing less fatigue, a reduction of pain or a reduction in 
nausea / vomiting38,39.
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