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Abstract

Omega 3 fatty acids can be obtained from several sources, and should be added to the daily diet to enjoy a good health and to prevent
many diseases. Worldwide, general population use omega-3 fatty acid supplements and enriched foods to get and maintain adequate
amounts of these fatty acids. The aim of this paper was to review main scientific evidence regarding the public health risks and benefits
of the dietary sources of omega-3 fatty acids. A systematic literature search was performed, and one hundred and forty-five articles were
included in the results for their methodological quality. The literature described benefits and risks of algal, fish oil, plant, enriched dairy
products, animal-derived food, krill oil, and seal oil omega-3 fatty acids.
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Omega 3 fatty acids can be obtained from several sources, and
should be added to the daily diet to enjoy a good health and
to prevent many diseases. The European Food Safety Agency
(EFSA) proposed a recommended daily intake of 250 mg/d
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) for adults, because this intake is negatively related to
cardiovascular diseases (CVD) risk in a dose-dependent way
up to 250mg/d (1-2 servings/week of oily fish) in healthy
subjects’”. The American Heart Association (AHA) rec-
ommended for the general population a consumption of
fish, at least twice a week'®, estimating a consumption of
one portion (125g) of oily fish (2g/100g EPA and DHA) and
one portion of lean fish (0-2g/100g), which results in an
mean intake of 3 g/week or 430 mg/d of DHA and EPA. AHA
also established intakes of 1g of EPA and DHA from fish or
fish oils for subjects with clinical history of CVD and a 2-4g
supplement for subjects with high blood triacylglycerides
(TAG)(3). The World Health Organization (WHO) rec-
ommended a regular fish consumption (1-2 servings/week;
providing 200—500 mg/serving of EPA and DHA) for the gen-
eral population, as being protective against coronary heart
disease and ischemic stroke”. WHO also indicates that
vegetarians and not fish-eaters are recommended to ensure
adequate intake of plant sources of alpha-linolenic acid
(ALA), as some of it (0-5-20% depending on various factors)
is metabolized to EPA®®. Worldwide, general population use
omega-3 fatty acids supplements and enriched foods to get
and maintain adequate amounts of these fatty acids, i.e.:
milk and dairy products are every day consumed foods and
constitute a good and popular source of omega-3 fatty acids,

to produce ‘healthier’ milks and dairy productsm . The aim
of this paper was to review main scientific evidence regarding
the public health risks and benefits of the dietary sources of
omega-3 fatty acids

Methods

A systematic literature search was performed up to April 2011.
The literature search was conducted in Medlars Online
International Literature (MEDLINE), via PubMed®; Scopus;
OvidSP (Food Science and Technology Abstracts); EMBA-
SE®, and Latin American and Caribbean Heath Sciences
Literature (LILACS), using the following terms: ‘Fatty acids,
omega-3'[Major] OR ‘alpha-linolenic acid’[Mesh] OR ‘docosa-
hexaenoic acids'[Mesh] OR ‘eicosapentaenoic acid’[Mesh]
AND (‘adverse effects’[Mesh] OR ‘contraindications’ [Mesh]
OR ‘standards’[Mesh] OR ‘supply and distribution’[Mesh] OR
‘therapeutic use’[Mesh] OR ‘toxicity’[Mesh] AND (‘humans’
[MeSH Terms] AND (‘Clinical Trial'[ptyp] OR ‘Randomized
Controlled Trial’[ptypD).

Using the above mentioned data bases, 2476 articles were
selected. Duplicates, review articles and non-relevant articles
were excluded (n 2310). After reading the literature list of
the remaining articles, and suggestions from other experts
about relevant papers, 35 were included in the results. Fifty-
four of the remaining 201 articles were rejected for the reasons
shown in Fig. 1. Finally, just one hundred and forty-seven
articles were included in the results. The articles were
reviewed by at least two reviewers and were taken into
account for the selection criteria listed on the JADAD scale
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References identified (n 2476)

- MEDLINE, via PubMed® (n 1276)
- Scopus (n 483)

- OvidSP (n 618)

- EMBASE® (n 93)

- LILACS (n 6)

Excluded (n 2310)
- Duplicates

References retrieved for
detailed evaluation (n 35)

- Review articles
- Not concerned with public health
benefits and risks

Excluded (n 54)
- Not RCTs (n 40)

References selected (n 147)
- Included RCTs (n 130)
- Reference data (n 17)

Fig. 1. Literature search flow chart.

or Oxford Quality Scoring System, a procedure to indepen-
dently assess the methodological quality of a clinical trial.
Reviewers extracted data from the published reports. Table 1
summarises the design of and the results provided by the
147 articles finally selected.

Results
Algal omega-3 fatty acids

Clinical trials with algal DHA-rich oil supplementation resulted
in potentially beneficial changes in some markers of cardio-
metabolic risk: decrease in VLDL and increase in LDL and
HDL particle sizes, and reduction in VLDL, and total TAG con-
centrations, blood pressure and heart rate, and oxidative
stress, indicating comparable efficacies to fish oil. Algal-DHA
was safe and well tolerated®. Unlike fish oil, algal-DHA
seldom caused gastrointestinal complaints such as fishy taste
and eructation, attributes of importance for patient compli-
ance in high-dose therapy.

The consumption of Ulkenia sp. microalgae oil (0:94g
DHA/d) for 8 weeks decreased plasma TAG, and increased
plasma total cholesterol, LDL- and HDL-cholesterol in normo-
lipidaemic vegetarians. DHA-rich oil from Ulkenia sp. is well
tolerated and a suitable vegetarian source of 7-3 LC-PUFAs®.

Schizochytrium sp. microalgae provided substantial quan-
tities of the docosapentaenoic acid (22:5n7-6; DPA). Subjects
received 4g/d of this microalgae oil for 4wk (providing
1-5g/d DHA and 0-6g/d DPA) and showed increased plasma
concentrations of arachidonic acid (ARA), adrenic acid, DPA
and DHA, increased DPA and DHA in erythrocyte phospholi-
pids, increased total, LDL- and HDL-cholesterol, and increased
Factor VII coagulant activity. This oil was well tolerated, with-
out adverse effects"?.

- Not blinded, randomized, and/or
piacebo controlled (n 14)

Fish oil omega-3 fatty acids

The consumption of equal amounts of EPA and DHA from oily
fish on a weekly basis or from fish-oil capsules on a daily basis
was equally effective at enriching blood lipids with 7-3 long-
chain polyunsaturated fatty acids (12-3 LC-PUFAs)'". Fish oil
7n-3 LC-PUFAs are readily incorporated into the healthy heart
and skeletal muscle membranes, and may reduce both
whole-body and myocardial O, demand during exercise,
without a decrement in performance. Fish oil also increased
n-3 LC-PUFA contents of erythrocytes"?, lowered heart rate
during incremental workloads to exhaustion, and lowered
steady-state submaximal exercise heart rate and whole-body
O, consumption, but time to voluntary fatigue was not
altered?.

Adding DHA (fish-oils) to staple foods reduced CVD mor-
bidity and mortality™”, and has been recommended after
myocardial infarction. Increased fish or fish-oil consumption
has been associated with reduced risk of cardiac mortality,
especially sudden death, by means of membrane stabilization
in the cardiac myocite, inhibition of platelet aggregation,
favourable modifications of the lipid profile, and decrease in
systolic and diastolic blood pressure, probably due to the
shift of balance between vasoconstrictive and vasodilator
eicosanoids toward vasodilatation and reduction of the
inflammatory response of the endothelium. Fish oil showed
a propranolol-like blood pressure-lowering effect. Plasma
norepinephrine and thromboxane B, formation were likewise
reduced, whereas plasma renin activity increased"®. Dietary
intervention with fish oil #-3 LC-PUFAs reduced platelet-
monocyte aggregation, and suggested that reduced platelet
activation provides a potential mechanism through which
fish oils confer their cardiovascular preventative benefits®,
and reduces atherothrombotic risk in patients with hyper-
lipoproteinemia™”.
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Table 1. Description of the studies included in this review

Outcomes
Dietary n-3 LC-PUFAs intervention
source Participants Design and doses Health benefits Health risks Reference
Algae
36 overweight or obese adults 4-5mo randomized con- 2 g/d algal DHA or placebo To decrease in VLDL and increase Fishy taste and eructation Neff et al.®
trolled double-blind trial in LDL and HDL particle sizes,
and reduction in VLDL, and total
TAG concentrations, blood
pressure and heart rate, and
oxidative stress
Normolipidaemic vegetarians 8-wk double-blind, pla- Ulkenia sp. microalgae oil (0-94g To decrease plasma TAG, and None Geppert et al.®
(87 females, 27 males) cebo-controlled, parallel DHA/d) increase plasma total choles-
design intervention terol, LDL- and HDL-cholesterol
study in normolipidaemic vegetarians
39 men and 40 women 4-wk double-blind random- 4g/d Schizochytrium sp. oil To increase plasma concen- None Sanders et al.("®
ised placebo-controlled (1-5g/d DHA, 0-6 g/d DPA) trations of arachidonic acid
parallel-design trial (ARA), adrenic acid, DPA and
DHA, and DPA and DHA in
erythrocyte phospholipids, and
total, LDL- and HDL-cholesterol,
and increased Factor VIl coagu-
lant activity
Fish oil
Healthy premenopausal 16-wk randomized con- 485mg/d EPA and DHA from 2 EPA + DHA in RBCs increased None Harris et al.""
female (21-49y) trolled trial servings of oily fish/wk (n 11) or significantly more rapidly in the
from 1-2 capsules/d (n 12) fish group than in the capsule
group during the first 4 wk, but
rates did not differ significantly
between groups thereafter
69 subjects (36 male, 31 12-wk randomized, 2, 4, 6 g/d of DHA-rich fish oil For every 1g/d increase in DHA None Milte et al (12
female, mean age 53y) with double-blind, placebo- (26 % DHA, 6 % EPA) intake, there was a 23 %
fasting serum TAG controlled parallel inter- reduction in TAG, 4-4 %
=1.1mmol/l and 44 vention increase in HDL-cholesterol and
BMI > 25 kg/m? 7-1% increase in LDL-chol.
16 well-trained men (cyclists) 8-wk double-blind, parallel 8 X 1g capsules/d olive oil (con- To lower heart rate (including None Peoples et al.('®
design trol) or fish oil peak heart rate) during incre-
mental workloads to exhaustion,
steady-state submaximal exer-
cise heart rate, whole-body O,
consumption, and heart press-
ure product
213 middle-aged men and 5-wk double-blind, factorial bread, cereal bars and cracker To reduce CVD morbidity and None Harrison et al.('¥
women with untreated elev- placebo-controlled ran- biscuits fortified with 2 g fish oils mortality
ated total cholesterol or domized trial (DHA)
blood pressure
47 male patients with mild 40-wk randomized, fish oil capsules (9 g/d equivalent To decrease plasma norepi- None Singer et al(1®
hypertension double-blind, placebo- to 1.8 g/d of EPA and 1-1 g/d of nephrine and thromboxane B,
controlled intervention DHA) formation, and increase plasma
renin activity
14 male adults 4-wk double-blind interven- 500 g/d oil rich fish Inverse correlation between plate-  None Din et al.\'®
tion, parallel design let-monocyte aggregation and
plasma omega-3 fatty acid con-
centrations
26 male hypercholesterolemic 6-wk placebo-controlled, 216 mg/d EPA, 140 mg/d DHA, To decrease MDA formation, total, None Pirich et al."”
patients double-blind intervention 390 mg/d gamma-LA, and LDL cholesterol, triglycer-
3480 mg/d LA ides, and platelet activation
84 patients with low self- 63-d randomized, double- fish oil (6 g EPA + DHA/d) for n-3 fatty acids are rapidly incorpor-  None Metcalf et al.('®

reported fish intake
accepted for cardiac surgery
(cardiopulmonary bypass)

blind intervention, paral-
lel design

either 7, 14, or 21 d before sur-
gery

ated into human myocardial
phospholipids at the expense of
ARA
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Table 1. Continued %2
&
Outcomes
Dietary n-3 LC-PUFAs intervention
source Participants Design and doses Health benefits Health risks Reference
14 patients heart failure 18-wk randomized, pla- 8g/d n-3 LC-PUFAs To decrease TNF-a production in None Mehra et al.('®
cebo-controlled, double- heart failure and improve body
blind intervention weight
107 patients percutaneous 6-mo randomized, pla- 10 capsules of fish oil (3 g/d, con- Restenosis after coronary angio- None Kaul et al.??
transluminal coronary angio- cebo-controlled, double- taining 1-8g EPA, 1-2g DHA, plasty is not reduced by sup-
plasty blind intervention n 58) besides aspirin and cal- plemental fish oils
cium blockers, beginning 4-3d
(control group just aspirin and
calcium blockers, n 49) before
coronary angioplasty
229 postmenopausal women 1-y prospective cohort Fish and n-3 PUFA intake by food Consumption of =2 servings of None Erkkila et al.®”
with coronary artery disease study frequency questionnaire fish or =1 serving of tuna or
dark fish per week was associ-
ated with smaller increases in
the percentage of stenosis
60 patients with coronary 6-wk double-blinded inter- 100 g/wk of different Atlantic Significant reductions of serum tri- Seierstad et al.®®
heart disease vention study salmon glycerides and of sVCAM-1 and
IL-6
4680 men and women (40— Cross-sectional epidemio- Association between n-3 LC- Inverse relation of n-3 LC-PUFAs None Ueshima et al.®®
59y) from 17 population- logic study PUFAs intake and blood press- intake and blood pressure
based samples in China, ure (four 24-h recalls)
Japan, United Kingdom,
and United States —
44720 participants 6-y follow up of Women’s Association between fish oil intake No evidence of an association None Berry et al.®¥ >
Health Initiative clinical and atrial fibrillation (food between fish or omega-3 fatty ,_1
trials frequency questionnaire) acid intake and incident atrial =]
fibrillation ®
1148 subjects Meta-analysis of random- 2g/d (4 capsules) fish oil (961 mg Findings do not support a protec- None Brouwer et al.®® ;“
ized double-blind, pla- n-3 LC-PUFAs: 464 mg EPA, tive effect of n-3 LC-PUFAs ~
cebo-controlled, paral- 335mg DHA, and 162 mg other from fish oil on cardiac arrhyth-
lel-group trials n-3 LC-PUFAs), 12mo; 1-8g/d mia

fish oil (42 % EPA, 30 % DHA)
or placebo (olive oil: 73 % oleic
acid, 12 % palmitic acid, 0 %
EPA/DHA), 2y

20 health subjects (10 women) Randomized, placebo-con- Participants reported to the labora-  Brachial artery flow-mediated None Fahs et al.?®
trolled, double-blind, tory on 2 separate days and dilation remained unchanged,
crossover study received 1 of 2 treatment con- and resting forearm blood flow
ditions: High-fat meal (1 g EPA and total hyperaemia were elev-
and DHA from fish oil sup- ated after the supplementation

plement) or high-fat meal with
placebo (lactose capsules).
Each visit was separated by at
least 72 h but no more than 14

days.
102 patients with confirmed 12-wk randomized con- 3 g/d encapsulated fish oil (1-2g No effects on CVD biomarkers or None Poppitt et al.?”
stroke trolled trial total omega-3: 0-7g DHA; 0-3g mood in patients with ischemic
EPA) stroke
11 subjects with epilepsy Randomized, double-blind 4-wk baseline; 12-wk treatment: 8~ To decrease seizure severity and None DeGiorgio et al.?®
two-period crossover capsules/d; 9600 mg of fish oil/d triglycerides, and increase HDL.
clinical trial. (2880 mg/d of n-3 LC-PUFAs:

1728 mg/d EPA + 1152 mg/d
DHA) or soybean oil (placebo);
4-wk washout period; 12-wk
treatment crossover.
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Table 1. Continued

Dietary
source

Participants

Design

n-3 LC-PUFAs intervention
and doses

Outcomes

Health benefits

Health risks

Reference

17 healthy middle-aged
(35—64Yy) subjects

16 normolipidemic subjects
(9 women)

12 T2DM normotriglyceridemic
subjects without insulin
treatment

200 mildly hypercholesterolae-
mic Indian adults aged
35-55y

338 adult men

25639 men and women
(40-79y)

175 men and women
(64-87Yy)

3 cohort studies. NHS (1976;
121700 female nurses
30-55Yy at baseline); NHS2
(1989; 116609 female
nurses 26—46y at baseline);
and HPFS (1986; 51529
male health care pro-
fessionals 39-78y at base-
line)

8 T2DM male subjects

162 healthy individuals

12 T2DM men

10 T2DM subjects (42—65y)

Randomized, placebo-con-
trolled, double-blind,
crossover study

8-wk randomized con-
trolled trial

9-wk two-armed, parallel,
placebo-controlled, ran-
domized

4-wk 2 x 2 factorial,
double-blind controlled
trial

30-y follow-up survey of
the Dutch and Finnish
cohorts of the Seven
Countries Study

10-y follow-up survey of
the EPIC-Norfolk Study

4-y follow-up survey

Large cohort follow-up sur-
veys

8wk randomized con-
trolled trial

3 mo randomized placebo-
controlled trial
Randomized, double-blind,

crossover study

Randomized, double-blind,
crossover study

4-wk intervention (fish oil capsules
with every meal, 1260 mg EPA,
540 mg DHA) or placebo and
4-wk wash out

6 g/d (6 capsules) fish oil (3g n-3
LC-PUFAs)

5-9¢9/d n-3 LC-PUFAs (1-89g
20:5n-3, 3-:09 22:6n-3)

Once-a-day yoghurt drink (2 g/d
plant sterols) and capsules
(2 g/d fish oil n-3 LC-PUFAs)

Intake of total, saturated, and
monounsaturated fatty acids
and dietary cholesterol 20y
before diagnosis

Assessment of fish and seafood
intake by means of FFQ

Assessment of fish and seafood
intake by means of cross-check
dietary history method

Assessed of diet using FFQ, admi-
nistered at 4-y intervals during
the follow-up period

8g/d n-3 LC-PUFAs, as marine-
lipid concentrate capsules

3-6g/d n-3 LC-PUFAs

6 g/d of either fish oil or sunflower
oil, separated by a 2-mo wash-
out interval

No supplementation (baseline);
10 g/d fish oil concentrate (30 %
omega 3FAs); 10 g/d safflower
oil; over separate 3-wk periods

No changes in the fatty acid com-
position of plasma and erythro-
cyte phospholipids

Increase of total glutathione,
homocystein, and NO plasma
concentrations.

Decrease of VLDL and increase of
HDL size particles, increase of
small LDL concentration, and
no effect on oxidized LDL

Reduction in LDL-chol. and trigly-
cerides, and increase in HDL-
chol. concentrations

High intake of fat, especially that
of saturated fatty acids, contrib-
utes to the risk of glucose intol-
erance and T2DM

Higher total fish intake (=1 vs <1
portions/wk) was associated
with a lower risk of diabetes

In elderly population, the habitual
consumption of a small amount
of fish may protect against the
development of impaired glu-
cose tolerance and T2DM

No evidence that higher consump-
tion of LC-PUFA and fish
reduces the risk of T2DM

Triglyceride and cholesterol
plasma levels decreased, no
alteration of HDL-chol. levels,
but increased fasting and meal.-
stimulated glucose concen-
trations.

Moderate supplementation of fish
oil does not affect insulin sensi-
tivity, insulin secretion, beta-cell
function or glucose tolerance

Moderate dose of fish oil did not
lead to deleterious effects on
glycemic control or whole-body
insulin sensitivity in T2DM men,
with preserved TAG lowering
capacities

Dietary fish oil supplementation
adversely affected glycemic
control in T2DM subjects with-
out producing significant ben-
eficial effects on plasma lipids
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None

None

None

None

None

None

None

None

Marine-lipid concentrate
capsules supplying
large amounts of n-3
LC-PUFAs should be
used cautiously in the
T2DM patient

None

None

None

Watanabe et al.®®

Piolot et al.®®

Mostad et al.®"

Khandelwal et al.®?

Feskens et al.®®

Patel et al.®¥

Feskens et al.®®

Kaushik et al.*®

Friday et al.®”

Rivellese et al.®®

Luo et al.®®

Borkman et al.*®

sigauaq pue sysu yieay onqnd :¢-eSawQ

LTS


https://doi.org/10.1017/S0007114512001456

3

Nf’ British Journal

of Nutrition

Table 1. Continued

w
&
Outcomes
Dietary n-3 LC-PUFAs intervention
source Participants Design and doses Health benefits Health risks Reference
36 328 women (mean age 12.4-y follow-up survey of Assessment of fish and seafood n.d. Increased risk of T2DM Djoussé et ETAMY
54.6y) the Women’s Health intake by means of FFQ and with the intake of n-3
Study (1992—-2008) self-reported of T2DM LC-PUFAs, especially
with higher intakes
(=0-20g/d of -3 or =2
servings/d of fish)
2397 participants Cross-sectional and 1-y Assessment of fish and seafood Marine n-3 LC-PUFAs intake is None Belalcazar et al.*?
longitudinal, multicenter intake by means of FFQ inversely associated triglycer-
randomized trial (Look ides and weakly with HDL-chol.
AHEAD survey)
162 healthy individuals 3-mo randomized placebo-  3-6 g/d fish oil n-3 LC-PUFAs Moderate supplementation of fish None Giacco et al.*®)
controlled trial oil does not affect insulin sensi-
tivity, insulin secretion, beta-cell
function or glucose tolerance
12 normotriglyceride T2DM 9-wk two-armed, parallel, 5.9 g/d fish oil (1-8g 20:5n-3, To increase HDL size and small None Mostad et al.*¥)
subjects placebo-controlled, ran- 3-:0922:6n-3) LDL concentration, no effect on
domized trial oxidized LDL, and decreased
insulin sensitivity
25 young iron-deficient women 9-wk randomised cross- Diet contained 2 portions of sal- Insulin levels significantly None Navas-Carretero
(18-30y) over dietary intervention mon, 2 cans of water-packed decreased and insulin and HDL- et al.“®
study tuna (56 g each), 1 can of sar- chol. sensitivity significantly
dines in olive oil, 1 portion of increased
lean fish, 1 portion of red meat, —
2 portions of poultry and 2 eggs >
per week —
42 healthy subjects 4wk randomized placebo- Fish oil rich EPA (4-7 g/d), or DHA Supplementation with DHA, but None Kew et al.*®) =
controlled trial (4-99/d) not with EPA, suppresses T ®
lymphocyte activation. EPA ;“
alone does not, therefore, influ- ~
ence CD69 expression
324 subjects (20—40vy) with 8-wk randomized salmon (3 x 150 g/wk, 2-1g/d n-3 Subjects that ate fish experienced None Ramel et al.(4748.79
BMI 27-5-32.-5 kg/m? controlled trial LC-PUFAs); cod (3 x 150 g/wk, weight loss, and decreases tri- Gunnarsdottir
0-3g/d n-3 LC-PUFA); fish oil glyceride levels, in inflammation etal’™®
capsules (1-3g/d n-3 LC- parameters, and systolic and
PUFAs); control (sunflower oil diastolic blood pressure. Sal-
capsules, no seafood) mon consumption was the most
effective. Body weight, leptin
and insulin levels decreased,
and ghrelin increased. Weight
loss explained the effects of
fatty seafood on leptin and
ghrelin, but not insulin
92 male subjects (35-70y) 8-wk randomized, parallel- Lunches with pork/chicken/beef (n Reduced serum levels of triglycer- None Zhang et al.*®
arm, food-based inter- 30); freshwater fish (n 30); or ides and interleukin-6 and
vention study oily fish (n 32) increased levels of HDL-chol.
10 elite athletes with and 10 3-wk randomized double- Fish oil capsules (3-2g/d EPA; No effect on preexercise pulmon- None Mickleborough et al 5
without exercise-induced blind crossover study 2-2g/d DHA) or placebo cap- ary function, but improved post-
bronchoconstriction sules (olive oil) exercise pulmonary function,
and decreased leukotriene, 9a,
and 118 -prostaglandin, TNFa,
interleukin-18
36 patients with end-stage 6-mo double-blind, per- 2 soft-gel pills/d (1 g each) of fish Decrease of C-RP levels None Bowden et al.®"

renal disease

muted-randomized, and
placebo-controlled trial

oil supplements (960 mg/d EPA;
600 mg/d DHA)
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Table 1. Continued

Dietary
source

Participants

Design

n-3 LC-PUFAs intervention
and doses

Outcomes

Health benefits

Health risks

Reference

33 subjects with myocardial
infarction or unstable
ischemic attack

727 women (43—-69y)

60 patients with severe acute
pancreatitis

64 patients with stable mild
rheumatoid arthritis

250 patients with nonsurgical
neck or back pain

97 patients with rheumatoid
arthritis

19 patients with rheumatoid
arthritis

12 asthmatic patients
216 adult participants

(54 £ 12y; 47 % female)

15 healthy men (26 + 3y) BMI
23.8 + 1.9kg/m?

302 participants (167 men;
135 women; 66—-80y)

36 girls (18—22y)

270 Pregnant women
(18-41y)

8-wk randomized, parallel-
arm, food-based clinical
trial

Cross-sectional survey of
a cohort of the Nurses’
Health Study |

2-wk randomized con-
trolled trial

12-mo randomized double-
blind placebo controlled
trial

4-mo randomized con-
trolled trial

9-mo randomized, pro-
spective, investigator-
initiated dual centre,
double-blind placebo-
controlled trial

2y randomized controlled
trial

1-y randomized double-
blind placebo controlled
trial

6-mo multi-center, parallel,
randomized, controlled
intervention study

3—4 wk randomized pla-
cebo controlled trial

26 wk randomized double-
blind controlled trial

3-mo randomized placebo
controlled trial

Randomized placebo con-
trolled trial

Lunches with fatty fish (n 11), lean
fish (n 12) or control (lean beef,
pork and chicken) (n 10), 4
meals/wk

Assessment of fish and seafood
intake (and n-3 LC-PUFAs) by
means of FFQ

Intravenous supplementation with
fish oil n-3 LC-PUFAs emulsion
(0-2 g/kg/d)

10 capsules/d (171 mg/capsule
EPA, and 114/mg capsule DHA)

Fish oil EPA + DHA (1200 mg/d)

10g/d (10 capsules) of cod liver oil
(150mg EPA,70 mg DHA)

Intervention: 1) Fish oil EPA
2.7g/d and DHA 1-8g/d
2) Fish oil EPA 270 mg/d and
DHA 180 mg/d
1g/d EPA + DHA (Liparmonyl®)

Two 150-g portions/wk (salmon or
cod)

7-2 g/d fish oil, (providing 1-1 g/d
20:5(n-3) and 0-7g/d 22: 6
(n-3) fatty acids)

Intervention: 1) 1.8g EPA +
DHA/d 2) 0-4g EPA + DHA/d 3)
4.0 g high-oleic acid sunflower
oil.

15mL/d fish oil (550 mg EPA;
205 mg DHA)

Intervention from 22 wk to delivery:
1) modified fish oil;
2) 5-methyl-tetrahydro-folate
3) both; 4) placebo

Decrease of lipids which are
potential mediators of lipid-
induced insulin resistance and
inflammation

n-3 LC-PUFAs intake were inver-
sely related to sICAM-1 and
sVCAM-1, CRP, and E-selectin.

Parenteral supplementation with
omega-3 fish oil emulsion lower
the magnitude and persistence
time of the systemic inflamma-
tory response syndrome

Significant reduction in non-ster-
oidal anti-inflammatory drug
requirement from month 3rd

n-3 LC-PUFAs supplementation
showed equivalent effect of ibu-
profen in reducing arthritic pain

Cod liver oil supplements contain-
ing n-3 LC-PUFAs decreased
non-steroidal anti-inflammatory
drug requirement

EPA increases ciclooxygenase
inhibitory activity of paracetamol
in rheumatoid arthritis patients

A positive effect on forced expira-
tory volume in 1s was observed
after the 9 month of treatment

Serum CRP concentrations were
lower after salmon and cod con-
sumption, but exploratory anal-
ysis of local markers of
inflammation in the colon or
faeces did not reveal this effect

Fish oil exert beneficial effects in
sepsis though non-inflammatory

EPA + DHA intake changed the
expression of 1040 genes, and
decreased expression of genes
involved in inflammatory- and
atherogenic-related pathways

Marked reduction in low back pain
and abdominal pain, and fewer
rescue doses of ibuprofen

Fish oil supplementation during
the second half of pregnancy
appears not to decrease antioxi-
dant status
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Lankinen et al.%

Lépez-Garcia et al.®

Xiong et al.®¥

Lau et al.®®
(56)

Maroon et al.
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Dry et al.®®

Pot et al.®®

Michaeli et al.®"

Bouwens et al.?
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Franke et al.®¥
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Table 1. Continued 9
=
Outcomes
Dietary n-3 LC-PUFAs intervention
source Participants Design and doses Health benefits Health risks Reference
98 pregnant women and their Randomized double-blind Intervention from 20 wk to delivery: Children in the fish oil-sup- None Dunstan et al.®®
infants assessed at 2.5y placebo controlled trial Fish oil (2-2g/d DHA, 1-1 g/d plemented group attained a Prescott et al.®”)
EPA) or olive oil; higher score for eye and hand
coordination, positively with n-3
and negatively with n-6. Neutro-
phil production of inflammatory
LTB4 was inversely related to
n-3 LC-PUFAs intake. LTB5
levels were positively correlated
with n-3, particularly EPA, and
negatively with n-6
388 adults (men and women) German study centres Assessment of fish and seafood, Adult females with a high fish and None Schnappinger et al.®®
within the European and n-3 LC-PUFAs intake by DHA intake showed a lower rate
Community Respiratory food frequency questionnaire of allergic sensitisation
Health Study Il
121 Lactating mothers of 143 Randomized double-blind Intervention from enrolment to DHA was higher in milk of sup- None Smithers et al.®®
preterm infants born of placebo controlled trial delivery: plemented mothers
< 33wk gestation 1) 6 capsules/d tuna oil (900 mg
DHA, 195mg EPA, 54 mg AA)
2) 6 capsules/d soy oil (1-6g LA,
177 mg ALA);
145 pregnant women, affected Randomized placebo con- Intervention from 25 wk gestation The period prevalence of food None Furuhjelm et a.®®
by allergy themselves or trolled trial to average 3—4 mo breast-feed- allergy was lower in the omega- —
having a husband or pre- ing: 1-6 g/EPA and 1-1 g/d DHA 3 group, as well as incidence of >
vious child with allergies or placebo IgE-associated eczema —
83 healthy infants 2 X 2 intervention random- Intervention from 9 to 12 mo: Irrespective of gender, there was None Lauritzen et al."® =
ized controlled trial 3-4 + 1.1mL/d and cow’s milk a positive association between ®
or infant formula the 9—12-mo changes in RR ;“
interval and erythrocyte n-3 LC- ~
PUFAs
24-28 young adults (18—30vy) Randomized controlled 1) 680 mg/d DHA and 323 mg/d The EPA-predominant supplement  None Fortier et al.""
and 24-28 elderly (>65y) trial EPA;3wk raised DHA only in the young,
2) 1480 mg/d EPA and 250 mg/d and the DHA-predominant sup-
DHA; 6wk plement raised EPA more in the
young
302 cognitively healthy elderly 26-wk randomized double- 1800 mg/d EPA-DHA, 400 mg/d There was not overall effect of 26 None Van de Rest
participants (>65Y) blind, placebo-controlled EPA-DHA, or placebo capsules weeks of EPA and DHA sup- et al(727379)
trial plementation on cognitive per-
formance, nor the quality of life
of healthy older individuals,
neither mental well-being
1864 subjects (809 men and 8-y follow-up survey of the Assessment of fish and seafood, Fatty fish or n-3 LC-PUFAs con- None Astorg et al.™®

1055 women

SU.VI.MAX Study
(1994-2002)

and n-3 LC-PUFAs intake by
means of six 24-h recalls

sumption higher than 0-10 % of
energy intake had lesser risk of
depressive episode and of
recurrent depressive episodes,
but not of single depressive epi-
sode. It was stronger in men
and in non-smokers. Smokers
eating fatty fish had an
increased risk of recurrent
depression
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Table 1. Continued

Dietary

source Participants

Design

n-3 LC-PUFAs intervention
and doses

Outcomes

Health benefits

Health risks

Reference

105 participants > 65y with
neovascular age-related
macular degeneration

63 overweight treated hyper-
tensive subjects

233 health subjects (31 + 5vy;
BMI 28-3 + 1.5kg/m?)

26 overweight or moderately
obese (BMI 28—33 kg/m?)
men and women

13 patients (11 female, 2
male, 21-81y) with poly-
morphic light eruption

51 HIV-infected patients trea-
ted with antiretroviral
therapy

310671 women (25-70y)

40 patients with stage Ill non-
small cell lung cancer

12 patients with advanced
lung cancer

20 patients with pancreatic
cancer

47 866 US men aged 40-75y
with no cancer history in
1986

Cross-sectional popu-
lation-based EUREYE
study

16-wk randomized con-
trolled trial

8-wk randomized con-
trolled trial

Randomized controlled
trial

3-mo randomized con-
trolled trial

12-wk randomized double-
blind, placebo-controlled
trial

6-4y follow-up of the Euro-
pean Prospective Inves-
tigation Into Cancer and
Nutrition (1992—-1998)

4-wk randomized double-
blind, placebo-controlled
trial

6-wk randomized double-
blind, placebo-controlled
trial

3-wk randomized double-
blind, placebo-controlled
trial

14y follow-up of Health
Professionals Follow-Up
Study (1986—2000)

Assessment of fish and seafood,
and n-3 LC-PUFAs intake by
food frequency questionnaire

Daily fish meal (3-65g/d n-3 LC-
PUFAs)in a weight-loss regimen
or control group

1) <260 mg/d n-3 LC-PUFAs

(n112)
2) >1300mg/d n-3 LC-

PUFAs (n 121)

2wk control diet (0 % fish oil,
0-5% ALA) plus 2wk n-3 LC-
PUFAs diet (1-4 % energy in the
form of EPA, DPA, and DHA
from fish oil, and 2.2 % ALA
from plant oil)

5 capsules twice daily (1 g fish oil,
18 % EPA, 12% DHA),

2 capsules of Omacor twice daily
or 2 capsules (n 26) of placebo
(n 25)

Assessment of breast cancer and
fish and seafood, and n-3 LC-
PUFAs intake by food fre-
quency questionnaire

2 cans/d of protein energy-dense
oral nutritional supplement
(2-0g EPA + 0-9g DHA/d) or an
isocaloric control supplement

2 g/d capsules (fish oil, fish oil +
placebo, or fish oil plus cele-
coxib)

Two cans (each can: 310kcal,
16-1 g protein,1-09 g EPA) of a
fish oil-enriched supplement per
day in addition to their normal
food intake

Assessment of fish and seafood,
and n-3 LC-PUFAs intake in
1986, 1990, and 1994 by using
a 131-item semiquantitative
food-frequency questionnaire

Eating oily fish at least once per
week is associated with a
reduction of the neovascular
age-related macular degener-
ation

Incorporating a daily fish meal into
a weight-loss regimen was
more effective than either
measure alone at improving glu-
cose-insulin metabolism and
dyslipidemia

n-3 LC-PUFAs group modulates
postprandial satiety in over-
weight and obese volunteers
during weight loss

Dietary n-3-PUFA do not play an
important role in the regulation
of food intake, energy expendi-
ture, or body weight in humans

Reduction of UV-induced inflam-
mation by dietary fish oil

Fish oil n-3 LC-PUFAs slightly
decreased plasma triglycerides
and induced anti-inflammatory
effects by increasing formation
of anti-inflammatory LTB5

No associations with breast can-
cer risk were observed

Fish oil n-3 LC-PUFAs supplement
has immune-modulating effects
and improve nutritional status in
patients with non-small cell lung
cancer

patients receiving fish oil +
placebo or fish oil + celecoxib
showed more appetite, less fati-
gue, and lower C-reactive pro-
tein, improved body weight and
muscle strength

Performance status, weight-gain,
and appetite were significantly
improved at 3wk

Increased dietary intakes of ALA
may increase the risk of
advanced prostate cancer. EPA
and DHA intakes may reduce
the risk of total and advanced
prostate cancer
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Augood et al."”

Mori et al."®

Parra et al.®®

Kratz et al.®"

Rhodes et al.®?

Thusgaard et al.®®

Engeset et al.®¥

Van der Meij et al.®®
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Leitzmann et al.®®
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Table 1. Continued

Outcomes
Dietary n-3 LC-PUFAs intervention
source Participants Design and doses Health benefits Health risks Reference
16 commonly consumed fish MeHg and n-3 LC-PUFAs Dose—response relationships for n-3 LC-PUFAs benefits out- MeHg risks outweighed Ginsberg et al.®®
species content of fish species MeHg and omega-3 FA effects weighed cardiovascular and cardiovascular and neu-
on coronary heart disease and neurodevelopmental MeHg risks rodevelopmental n-3
neurodevelopment for some species (e.g., farmed LC-PUFAs benefits for
salmon, herring, trout). Other some species (e.g.,
species were associated with a swordfish, shark). Other
small net benefit (e.g., flounder, species were associated
canned light tuna) with a small net risk
(e.g., canned white
tuna, halibut)
Plant

88 healthy non-smoking men
and premenopausal women
(33y)

79 healthy non-smoking men
and premenopausal women
(19-45y)

62 men (>40y)

59 healthy male prisoners

62 men and post-menopausal
women (44-75y) with
hypercholesterolemia

199 menopausal women
(49-65y)

1891 cases with first nonfatal
Ml and 1891 population-
based controls; matching for
age, sex, and area of resi-
dence

12-wk double-blind, paral-
lel randomized con-
trolled trial

6-wk double-blind, parallel
randomized controlled
trial

12-wk parallel randomized
controlled trial

12-wk single-blind study

10-wk blind, parallel ran-
domized controlled trial

52-wk blind parallel trial

Case-control study

Sunflower oil (placebo), flaxseed
oil (1g/d ALA), hempseed oil
(0-3g/d ALA), or fish oil (0-6 g/d
EPA + DHA)

ALA (3-4 g/d), EPA (2-2g/d), or
DHA (2-3g/d) via enriched mar-
garines

Different doses of flax oil, fish oil,
and sunflower oil in capsules;
ALA doses were 1-2g/d,
2-4g/d, and 3-6 g/d

Diet with 3-2 g/d extra ALA

Low-fat diet with extra flaxseed or

with wheat bran (control); ALA
dose (3-4 g/d)

40 g/d flaxseed or wheat germ;
ALA 8-8g/d

Assessment of ALA intake from
FFQ

Plasma ALA levels increased after
6 wk; no differences in total
cholesterol, LDL-C, HDL-chol.,
TAG, LDL oxidation, platelet
aggregation, or inflammation
markers (CRP, TNF-a)

LDL and -ALA levels increased;
fasting serum TAG decreased;
no differences in total choles-
terol, LDL-chol., or HDL-chol.

2-4 and 3-6 g/d of ALA significantly
increased erythrocyte ALA and
EPA levels; no differences in
inflammation markers (CRP,
TNF-a, sVCAM-1), total choles-
terol, TAG, or HDL-chol.

No effect on waist circumference,
weight, BMI, systolic blood
pressure; diastolic blood press-
ure decreased and HDL-chol.
increased in non-smokers

Serum ALA levels increased; LDL-
C decreased after 5wk but not
after 10 wk; lipoprotein(A)
decreased and insulin sensitivity
(HOMA-IR index) improved; no
effect on inflammation (IL-6,
hs-CRP) or oxidative stress
(ox-LDL, urinary isoprostane);
HDL-chol. decreased

Serum ALA levels increased; mod-
est effects on apolipoproteins
A-l and B; no effects on LDL
electrophoretic characteristics
or markers of hemostasis and
inflammation

Inverse association between Ml
and ALA intake
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Table 1. Continued

Dietary

source Participants

Design

n-3 LC-PUFAs intervention
and doses

Outcomes

Health benefits

Health risks

Reference

3575 white men and women
(45-64y)

2009 men (50y)

40 cases of ischemic stroke,
40 cases of hemorrhagic
stroke and 40 healthy con-
trols; matching for age and
sex

2174 men (42—-60y)

265 out-of hospital sudden
cardiac arrest patients and
415 community members;
matching for age, sex, and
calendar year

150 moderately hyperlipidemic
subjects

57 elderly (=65y) patients
(19 male, 38 female)

14-3y follow-up of Athero-
sclerosis Risk in Com-
munities Study
(prospective cohort
study)

30-7y follow-up of Uppsala
Longitudinal Study of
Adult Men (prospective
cohort study)

Case-control study

17.7y of follow-up of Kuo-
pio Ischemic Heart Dis-
ease Risk Factor Study
(prospective cohort
study)

Case-control study

6-mo randomized placebo-
controlled, parallel study

Case-control study

Association of plasma ALA with
incident heart failure

Association of ALA in serum
cholesterol esters with CVD
mortality

Association of ALA in erythrocytes
with risk of ischemic and hemor-
rhagic stroke

Association of serum ALA with
incident atrial fibrillation

Association of ALA in erythrocytes
with risk of sudden cardiac
death

0-8 or 1-.7g EPA + DHA/d, 4-5 or
9-5g ALA/d, or an n-6 PUFA
control (FA incorporated into
25 g of fat spread and 3 capsu-
les/d)

Association of ALA in erythrocytes
with risk for mild dementia
(Mini-Mental Status Examin-
ation)

ALA status was not associated
with incident heart failure

Multivariable-adjusted hazard ratio
was 1-10 (1-00-1-21) per 1-SD
increase in serum ALA

Erythrocyte ALA concentrations in
hemorrhagic stroke patients and
ischemic stroke patients were
not significantly different from
controls; inverse association of
ALA with ischemic stroke

Multivariable-adjusted hazard ratio
for serum ALA (compared to
Q1) was Q2: 1-26 (95% Cl,
0-84—-1-89), Q3: 0-74 (0-46—
1.20), and Q4: 1-14 (0-7-1-79)

Multivariable-adjusted OR over
quartiles of ALA in erythrocytes
(compared to Q1): Q2 was 1-7
(95 % ClI, 1-0-3-0), Q3 was 1-9
(1-1-3-3), Q4 was 2-5 (1-3—
4.8); association independent of
erythrocyte levels of EPA and
DHA, linoleic acid, and trans
fatty acids

Fasting or postprandial lipid, glu-
cose, plasma a-tocopherol, anti-
oxidant or insulin concentrations
or in blood pressure was not
significantly different between
treatments. Fasting triglycerides
after EPA + DHA intervention
was lower than after ALA inter-
vention. Susceptibility of LDL to
oxidation was higher after the
EPA + DHA intervention.

Multivariate-adjusted regression
analysis showed that a higher
level of ALA significantly
decreased the risk of mild
dementia after adjusting for
age, sex, and height
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Yamagishi et a
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Table 1. Continued 9
®
Outcomes
Dietary n-3 LC-PUFAs intervention
source Participants Design and doses Health benefits Health risks Reference
23 subjects (49-3 + 1-6y; 20 Randomized, 3-period Average American Diet (34 % total ~ N-telopeptide levels were signifi- None Griel et al.(1®"
male, 3 female), BMI 25— crossover design fat, 13% SFA, 13% MUFA, 9% cantly lower following the ALA
35 kg/m2 PUFA (7-7% LA, 0-8% ALA); diet. There was no change in
LA Diet (37 % total fat, 9% levels of bone-specific alkaline
SFA, 12% MUFA, 16 % PUFA phosphatase across the three
(12-6 % LA, 3-6 % ALA); a-LA diets. Concentrations of NTx
Diet (38 % total fat, 8 % SFA, were positively correlated with
12% MUFA, 17 % PUFA the proinflammatory cytokine
(10-5% LA, 6-5% ALA). Wal- TNF-a for all three diets
nuts and flaxseed oil: ALA pre-
dominant sources. Diet periods
lasted 6 wk, separated by 3-wk
compliance break during which
subjects consumed their usual
diet.
34 T2DM (52-4 = 1.5y) 12-wk randomized con- Participants consumed a selection Flaxseed and flaxseed oil groups None Taylor et al.(1%®
patients (17 male, 17 trolled trial of bakery products containing increased plasma phospholipid
female) no flax (n 9), milled flaxseed n-3 LC-PUFAs, but not DHA,
(n 13; 32 g/d), or flaxseed oil and the flaxseed oil group had
(n12; 13 g/d) more EPA and DPA in plasma
phospholipids than the flaxseed
group. All groups had similar
caloric intakes. Control group —
experienced a 4 % weight gain, >
and both flax groups had con- ,_1
stant body weights =
59 middle-aged dyslipidaemic 12-wk randomized two- Dietary supplementation with flax- Supplementation with ALA None Paschos et al.(39 ®
men group, parallel-arm con- seed oil, rich in ALA (8 g/d) resulted in significantly lower ;“
trolled trial systolic and diastolic blood ~
pressure levels
62 men and post-menopausal 10-wk randomized con- 40 g/d ground flaxseed-containing Flaxseed was well-tolerated, and None Bloedon et al.('?”
women with pre-study low trolled trial baked products or matching increased serum levels of ALA,
density LDL-chol. (130— wheat bran products while fol- reduced LDL-chol. at 5wk, but
200 mg/dl) lowing a low fat, low cholesterol not at 10 wk, reduced HOMA-IR
diet index, but not affect markers of
inflammation (IL-6, hs-CRP) or
oxidative stress (ox LDL, urinary
isoprostanes). In men, flaxseed
reduced HDL-chol. concen-
trations at 5 and 10 wk.
35 non-diabetic, dyslipidemic 12-wk randomized con- 15ml/d of flaxseed oil rich in ALA Plasma levels of adiponectin did None Paschos et al.(%?

men (38—-71y)

trolled trial

(8:1g; n 18), or 15ml/d saf-
flower oil (11-2g LA; n17; con-
trol group)

not change after the increase in
ALA flaxseed oil supplemen-
tation did not change body

mass index, serum lipid concen-

trations, LDL density, and TNF-
«, and adiponectin plasma
levels
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Table 1. Continued

Dietary

source Participants

Design

n-3 LC-PUFAs intervention
and doses

Outcomes

Health benefits

Health risks

Reference

56 participants (49 female,
7 male; 20—70y) without
coronary heart disease

10 young (25 = 3y) health
adults (5 female, 5 male)

150 healthy men and women
(25-72y)

244 healthy term infants (12—
16 d; minimum birth weight
of 2500 g)

48 young subjects (13 male,
35 female)

26-wk randomized double-
blind, placebo-controlled
trial

4-wk randomized
controlled trial

6-mo randomized, double-
blind, placebo-controlled
parallel study

Randomized, double-blind,
placebo-controlled par-
allel study

Randomized, double-blind,
placebo-controlled
parallel study

3g/d of ALA from flaxseed oil in
capsules (n 31) or olive oil con-
taining placebo capsules (n 25)

50 g flaxseed/d or control
(no flaxseed)

Placebo (no additional n-3 LC-
PUFAs), 4-5 or 9-5g ALA/d,
and 0-77 or 1-7g EPA + DHA/d.
The n-3 LC-PUFAs were pro-
vided in 25 g fat spread plus 3
oil capsules.

Infants received study formulas
from 14 to 120 days of age:
Control (soy-based formula
without supplementation);

DHA + ARA (soy-based formula
supplemented with minimum
birth weight of 25009, 17 mg
DHA/100 kcal from algal oil

and 34 mg ARA/100 kcal from
fungal oil)

2-wk wash-in diet rich in MUFA
(21 % energy) followed by 3-wk
experimental n-3 LC-PUFAs
enriched diets with about 1% of
energy of ALA, EPA or DHA.
n-3 LC-PUFAs were provided
with special rapeseed oils and
margarines

Changes in plasma HDL-chol.,

LDL-chol., and triglyceride con-
centrations did not differ
between the groups. Concen-
tration of plasma total choles-
terol, and less atherogenic
LDL1 and LDL2 subfractions
were higher in the flaxseed oil
group

ALA was increased significantly in
adipose tissue, and n-3 LC-
PUFAs were increased in
plasma lipids. Plasma LDL-chol.
was also reduced by up to 8 %,
and total urinary lignan
excretion was increased more
than fivefold. Antioxidant vita-
mins and lipid hydroperoxides in
plasma were not significantly
affected by flaxseed consump-
tion. Bowel movements per
week increased by 30 % while
flaxseed was consumed

An intake of =9-5g ALA/d or
=1.7g EPA + DHA/d does not
alter the functional activity of
neutrophils, monocytes, or lym-
phocytes, but it changes the
fatty acid composition of mono-
nuclear cells

Percentages of DHA and ARA in
total RBC and plasma phospho-
lipids were significantly higher in
infants in the DHA + ARA group
at 120d of age. Growth rates
did not differ significantly
between feeding groups. Both
formulas supported normal
growth and were well tolerated

Dietary intake of ALA, EPA or
DHA led to a significant enrich-
ment of the respective fatty acid
in the LDL particles, with dietary
EPA preferentially incorporated.
ALA enrichment did not
enhance LDL oxidizability
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Table 1. Continued 9
=N
Outcomes
Dietary n-3 LC-PUFAs intervention
source Participants Design and doses Health benefits Health risks Reference
Enriched dairy products
8 normolipidaemic volunteers, 6-wk randomized 500 ml/d partial skim milk,1 mo; The intake of a milk preparation None Visioli et al.('4®
habitual partial skim milk controlled trial then switched to 500 ml/d novel providing low amounts of
drinkers and non-eaters of commercially available milk EPA + DHA to healthy individ-
fish during the study preparation, supplying 400 mg/d uals led to marked increases of
n-3 LC-PUFAs (300mg EPA + n-3 LC-PUFAs and vitamin E in
DHA; 15 mg vitamin E) plasma and in associated
increase in HDL-chol. and
decrease in triglycerides
30 subjects (45—65Y) 8-wk randomized 500 ml/d of semi-skimmed milk, n-3 LC-PUFAs enriched milk pro- None Bar6 et al.'*"
controlled trial 4wk; and then 500 ml/d of duced a significant decrease in Carrero et al.("*®
enriched n-3 LC-PUFAs milk plasma concentration of trigly-
(60 mg/100 mL EPA and DHA) cerides, total and LDL choles-
terol accompanied by a
reduction in plasma levels of
homocysteine, vascular cell
adhesion molecule 1, and an
increase in folic acid concen-
tration. Plasma and LDL oxid-
ability and vitamin E
concentration remained
unchanged
51 patients (25 female, 26 Randomized, double-blind, Both groups received 15-wk inter- The consumption of n-3 LC- None Dawczynski et al.(4®) —
male) mildly hypertriacylgly- placebo-controlled vention (3g/d n-3 LC-PUFAs) PUFAs-enriched dairy products >
cerolemic cross-over trial and control dairy products con- resulted in a significant improve- ,_1
secutively with a 10-wk wash- ment of cardiovascular risk =
out phase between the two factors ®
treatments ;“
25 health subjects (12 male, Single-blind, randomized, Subjects received a control (33-3g  Consumption of n-3 LC-PUFAs- None Chong et al.(1®? =~
13 female, 19-68Yy) controlled crossover of fat, with 30 g provided by the rich meal had an attenuating
study test oil: palm olein and soybean effect on augmentation index
oil, ratio 4:1) and a n-3 LC- and stiffness index
PUFAs-rich meal (23-2 g of con-
trol oil and 6-8 g fish oil, provid-
ing 2:0g EPA and 2.7 g DHA,
equivalent to two portions of oily
fish) on two occasions in a ran-
dom order. Postprandial
measurements were made at
30, 60, 90, 120, 180 and
240 min
88 children (3—-9y) 7-mo randomized, Consumption of 500 mL/d of a Enriched dairy drink reduce serum None Estévez-Gonzalez
controlled trial PUFA entiched dairy drink levels of total cholesterol and et /(15"
(60 % olive oil, 20 % peanut, LDL-chol., without reducing
and 20 % sunflower), containing caloric intake
a quarter of the saturated fat
present in standard whole milk
31 men (30-60y) mildy hyper-  Randomized controlled 4.5 g/d EPA plus DHA capsules Changes in total cholesterol, LDL-  None Cobiac et al.(1%?

(n 25); control (n 6); 3-wk
baseline period plus 5-wk
intervention

chol., apolipoprotein B, and
blood pressure with n-3 LC-
PUFAs were not significantly
different from changes for the
control diet.

lipidemic and normotensive trial
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Table 1. Continued

Outcomes
Dietary n-3 LC-PUFAs intervention
source Participants Design and doses Health benefits Health risks Reference
297 subjects (25—-65y) with 1-y longitudinal, random- Intervention: 1) 500 mL/d of Consumption of enriched milk None Fonolla et al.'5®
moderate CVD risk ized, controlled, double- enriched milk (EPA, DHA, oleic increases serum folate and
blind intervention study acid, folic acid, and vitamins A, HDL-chol., decreases plasma
Bs, D, and E), 2) 500 mL/d of triglycerides, total cholesterol,
skimmed milk, and 3) 500 mL/d and LDL-chol. Serum glucose,
of semi-skimmed milk (control homocysteine, and C-reactive
group) protein remained unchanged.
60 male patients (60—67y) 1-y longitudinal, random- Intervention: The supplement Plasma concentrations of EPA, None Carrero et al.'%¥
with peripheral vascular dis- ized, controlled, double- group consumed 500 mL/d of a DHA, oleic acid, folic acid, and
ease and intermittent claudi- blind intervention study fortified dairy product containing vitamins Bg and E increased
cation EPA, DHA, oleic acid, folic acid, after treatment with sup-
and vitamins A, Bg, D, and plements. Plasma total choles-
E. The control group consumed terol and ApoB concentrations
500 mL/d of semiskimmed milk decreased in the supplemented
with added vitamins A and D. group, and total homocysteine
decreased in those patients with
high initial concentrations. Walk-
ing distance before the onset of
claudication increased in the
supplemented group, and ankle-
brachial pressure index values
increased.
40 male Ml patients (50-60y)  1-y longitudinal, random- Intervention: The supplement Plasma concentrations of EPA, None Carrero et al.'%®
ized, controlled, double- group consumed 500 mL/d of a DHA, oleic acid, folic acid, vita-
blind intervention study fortified dairy product containing min Be, and vitamin E increased
EPA, DHA, oleic acid, folic acid, after supplementation. Plasma
and vitamins A, Bg, D, and total and LDL-chol., apolipopro-
E. The control group consumed tein B, and hs- CRP concen-
500 mL/d of semiskimmed milk trations decreased in the
with added vitamins A and D. supplemented group, and
plasma total homocysteine
decreased in both groups.
There were no changes in heart
rate, blood pressure, or cardiac
electrocardiographic parameters
in either group
72 patients with metabolic 3-mo controlled and open- lintervention:500 ml/d of semi- EPA and DHA enriched skimmed None Benito et al.(15®
syndrome label clinical trial, of skimmed milk (control group, milk reduced total cholesterol,
parallel design n 36), and 500 ml/d of enriched LDL-chol., triglycerides, and
(5-7 g oleic acid, 0-2g EPA + apolipoprotein B serum levels,
DHA, 150 p.g folic acid and and glucose and homocysteine
7-5mg vitamin E, n 36) semi- plasma levels
skimmed milk
74 healthy normolipidemic 6-wk randomized con- Intervention: 4.4 g/d ALA (ALA The ALA, EPA, or DHA intake led None Egert et al.(?¥

men and women (19-43y)

trolled trial

group), 2-2g/d EPA (EPA
group), and 2-3g/d DHA (DHA
group). Fatty acid ethyl esters
were incorporated into margar-
ines, which replaced the partici-
pant’s normal spread

to a significant enrichment of
the LDL with the respective n-3
LC-PUFAs. ALA, EPA, or DHA
intake did not affect fasting
serum concentrations of total
and LDL-cholesterol, but fasting
serum triglyceride concen-
trations significantly decreased.
DHA intake significantly
increased serum HDL choles-
terol, whereas no changes were
found with ALA or EPA intake
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20 healthy adult volunteers

Randomized controlled
trial

Sensory quality assessment of n-3

LC-PUFAs-rich functional
Bruehwurst sausages made
with a range of n-3 PUFA
sources

of T0). By contrast, only two-
thirds of this increase was
found when the same amount
of tuna oil had been fed exclu-
sively during early fattening
(T3-E).

TBARS values of the sausages

were low, even after storage.
Microbiological and physico-
chemical properties of the
sausages were generally
unaffected by addition of
omega-3 fatty acid sources.
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tuna oil throughout fat-
tening (T1)

Some of the omega-3 fatty

acid sources tested
caused off-flavours, not
always described as
“fishy”

Table 1. Continued 9
&
Outcomes
Dietary n-3 LC-PUFAs intervention
source Participants Design and doses Health benefits Health risks Reference
Animal-derived foods
Two groups of animals were Randomized controlled (1) Hereford steers supplemented For the Hereford group, flaxseed- No adverse effects on FA Kronberg et al.(1%®)
used in each of two separ- trial (or not) with ground flaxseed supplemented rations increased composition by grilling
ate trials (907 g/d) for 71d, and (2) 18:3n-3 (4-0-fold), 20:5n-3 steaks to an internal
Angus steers supplemented (or (1-4-fold), and 22:5n-3 (1-3- temperature of 64°C.
not) with ground flaxseed fold) mass as compared with N-3 LC-PUFAS did not
(454 g/d for 3d followed by the control, and increased total affect gene expression
907 g/d for 110d) n-3 mass about 1-7-fold. For the
Angus group, flaxseed ingestion
increased masses and compo-
sition of n-3 FA similarly to that
for the Herefords and doubled
the total n-3 FA mass.
36 growing-finishing pigs, with Randomized controlled Control diet, or one of three diets No significant differences in The diets containing 2-5 Kjos et al.{15
an average initial weight of trial containing 50 g/kg fish silage growth performance or carcass and 9-5 g/kg fish fat until
24.8 = 2.6 kg (mean = SD) and different levels of fish fat quality were found among diets. slaughter caused off-fla-
(2-5, 5-5 or 9-5g/kg). The diets The total levels of n-3 LC- vour of bacon after both
were either fed until the time of PUFAs were highest for the 9-5 1 and 6 mo of frozen
slaughter, or 60 kg live weight and the 5-5 g/kg fish fat diets storage, and of loin
followed by the control diet when they were fed until slaugh- muscle after 6 mo frozen
ter. storage
600 crossbred pigs Randomized controlled 4 treatments: 0 % tuna oil in diet Feeding tuna oil during a short Flavour and acceptability Jaturasitha et al.('®?
trial (TO; control), 1% unrefined tuna period at the end of fattening were most favourable in —
oil in diet fed from 35 to 90 kg of (T3-L) or permanently during pigs receiving tuna oil in >
unrefined tuna oil in diet offered fattening (T1) proved to be simi- the early fattening ,_1
during the early (35—-60kg BW; larly efficient in increasing n-3 period (T3-E), whereas =
T3-E) or late stage of fattening fatty acid content of lean and it was less favourable ®
(75 to 90 kg of BW; T3-L) adipose tissue (to about 1-6-fold (P < 0-05) in those fed ;“
)

Muench et al.(1®"
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Table 1. Continued

Dietary

source Participants

Design

n-3 LC-PUFAs intervention
and doses

Outcomes

Health benefits

Health risks

Reference

Eighty-eight 40-week-old ISA
Brown laying hens

25 healthy adult volunteers

126 28-week-old Warren lay-
ing hens with similar body
weight (2kg) and egg par-
ameters were randomly
divided into 7 groups of 18
birds each (6 replica-
tes/group)

Krill oil
76 overweight obese men
and women

120 patients with hyper-
lipidemia

Randomized controlled
trial

Randomized double-blind
crossover trial

6-wk randomized con-
trolled trial

4-wk randomized double-
blind parallel arm trial

Multi-center, 3-mo, pro-
spective, randomized
study followed by a
3-mo, controlled follow-
up of patients treated
with 1g and 1-5g krill
oil daily

The trial lasted for 28d and
started after a pre-experimental
period of 21d, where animals
received the same experimental
treatments: 9 diets: 3 levels n-3
FA supplementation (2.9, 3-7
and 4-5 g/kg) from 3 different
sources (marine algae oil, and
two marine fish oils rich in EPA
or in DHA), plus 2 diets (fixed
CLA (2-5g/kg) and HOSO
(30g/kg). Feed and water were
supplied ad libitum. The hens
received 15 h light/d throughout
the experiment. Room tempera-
ture was also controlled at
about 24°C.

Subjects fed 3wk with 5 normal
eggs/wk, and next 3wk fed with
enriched eggs/wk. A second
group received eggs in the
inverse sequence. Enriched
eggs from hens feed tuna oil
5% (9 times more n-3 LC-
PUFAs)

Hens received one of these diets
(all were isoenergetic): Control
(complete diet); control contain-
ing 10 g/kg linseed oil; control
containing 49-5 g/kg fish oil;
control supplemented with
16-7 g/kg DHA-rich Schizochy-
trium sp.microalgae; control
supplemented further sup-
plemented with 5-5 mg/kg pot-
assium iodide; control
supplemented further sup-
plemented with 2-03 mg/kg
sodium selenite; control sup-
plemented further supplemented
with 5-5mg/kg potassium iodide
and 2-03mg/kg sodium selenite.

Capsules containing 2 g/d of krill
oil, menhaden oil, or control
(olive oil)

Four groups: 1) Krill oil at BMI-
dependent daily dosage
2-3g/d. 2) Krill oil 1-1-5g/d. 3)
Fish oil (180mg EPA + 120mg
DHA/g fish oil; 3g/d). 4)
Placebo

An increase in n-3 PUFA sup-
plementation had little effect on
proportions of CLA, MUFA, SFA
or total PUFA in yolk fat, but
increased n-3 LC-PUFAs and
decreased n-6 LC-PUFA. An
increment of dietary n-3 LC-
PUFAs impaired linearly egg
acceptability by consumers.

Decrease in serum triglycerides.
No change on LDL-chol., and
HDL-chol.

Improvement in egg weight and in
the DHA content of yolks by
feeding hens a microalgae-rich
diet, which avoids the unplea-
sant flavours associated with
fish oil supplementation

Krill oil supplementation increased
plasma EPA and DHA,
decreased plasma urea, and
was well tolerated

Krill oil decreased total choles-
terol, LDL, and triglycerides,
and increasing HDL levels
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Table 1. Continued

Dietary
source

Participants

Design

n-3 LC-PUFAs intervention
and doses

Outcomes

Health benefits

Health risks

Reference

Seal oil

70 adult women with pre-
menstrual syndrome

19 healthy, normocholesterole-
mic subjects

144 patients with nonalcoholic
fatty liver disease and
hyperlipidemia

3-mo randomized double-
blind controlled trial

42-d randomized con-
trolled trial

Randomized controlled
trial

Intervention with 1 g/soft gels
(2 times/d with meals) of either
Neptune krill oil or fish oil (18 %
EPA + 12% DHA)

20g of encapsulated seal olil
(EPA; DHA; DPA) or 209 of
vegetable oil (control) per day

Two groups: 1) recommended diet
and 2g n-3 PUFA from seal
oils. 2) recommended diet and
2g placebo. Intervention 3
times /d

Neptune krill oil decreased dysme-
norrhea and emotional symp-
toms of premenstrual syndrome
and was more effective for the
complete management of pre-
menstrual symptoms compared
to fish oil

Seal oil supplementation
decreased the n-6/n-3 ratio and
increased EPA, DHA, and DPA
and the ratio of EPA/ARA and
DHA/ARA in the serum phos-
pholipid and NEFA, while exhi-
biting a modest beneficial effect
on fibrinogen and protein C
levels

n-3 LC-PUFAs from seal oils is
safe and efficacious for patients
with nonalcoholic fatty liver dis-
ease associated with hyperlipi-
demia and can improve their
total symptom scores, ALT,
serum lipid levels and normali-
zation of ultrasonographic
evidence

None

None

None

Sampalis et al.(1®®

Conquer et al.'"®

Zhu et al."?

Abbreviations: ALA: a-linolenic acid; ARA: arachidonic acid; CLA: conjugated linoleic acid; BMI: body mass index; CD69: cluster of differentiation 69; CRP: C-reactive protein; CVD: cardiovascular diseases; DHA: docosahexaenoic
acid; DPA: docosapentaenoic acid; EPA: eicosapentaenoic acid; FFQ: food frequency questionnaire; HOMA-IR index: homeostasis model assessment-insulin resistence; hs-CRP: high-sensitivity C-reactive protein; HOSO: high-
oleic sunflower oil; IL-6: interleukine-6; LA: linoleic acid; LTB4: leukotriene B4: LTB5: leukotriene B5; MDA: malondialdehyhe; MeHg: methylmercury; MI: myocardial infaction; MUFA: monounsaturated fatty acids; n-3 LC-PUFAs:
omega-3 long chain polyunsaturated fatty acids; NO: nitric oxide; RBCs: red blood cells; SFA: saturated fatty acids; sICAM-1: soluble cell adhesion molecules-1; sVCAM-1: vascular cell adhesion molecules-1; TAG: triacylglycer-
ides; TBARS: thiobarbituric acid reactive substances; T2DM: type Il diabetes mellitus; TNFa: tumor necrosis factor-alpha; nd: no data.
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Daily intake of fish oil n-3 LC-PUFAs for 37 months
decreased 16% all causes of mortality and 24 % the incidence
of death due to myocardial infarction. This benefit putatively
arises from the incorporation of EPA and DHA into cardiomyo-
cyte phospholipids at the expense of ARA during high-dose
fish-oil supplementation'®. Fish oil consumption decreased
tumour necrosis factor-alpha (TNFa) production in healthy
subjects and improves body weight in severe heart failure™®.
However, restenosis after coronary angioplasty was not
reduced by supplemental fish 0il .

Consumption of fish has been associated with a significantly
reduced progression of coronary atherosclerosis in women
with coronary artery disease®®”. Atlantic salmon fillets very
high in n-3 LC-PUFAs of marine origin seemed to impose
favourable biochemical changes (reductions of serum trigly-
cerides, vascular cell adhesion molecule-1 and interleuki
n-6) in patients with coronary heart disease®®. Findings
from short- and long-term randomized trials pointed out
that fish 7#-3 LC-PUFAs intake are inversely related to blood
pressure, either on hypertensive or nonhypertensive persons,
with small estimated effect size'*.

After 6-year follow up, the age-adjusted models showed no
evidence of an association between fish consumption or
omega-3 fatty acid intake and incident of atrial fibrillation
(AF) in a large sample of older, postmenopausal women
(44720 participants from the Women’s Health Initiative clinical
trials) who were not enrolled in a dietary modification inter-
vention arm and without AF at baseline®”. Fish oil 7-3 LC-
PUFAs have not a protective effect on cardiac arrhythmia. Cur-
rent data neither proved nor disproved a beneficial or a detri-
effect for subgroups
underlying pathologies®” .

DHA and EPA rich fish-oil supplements taken with a high-fat
meal preserved impairments in endothelial function®. There

mental of patients with specific

was no effect on cardiovascular biomarkers or mood in
patients with ischemic stroke submitted to 12 wk of treatment
with moderate-dose fish oil supplements (3 g/d fish oil con-
taining 1-2 g total omega-3: 0-7 g DHA; 0-3 g EPA). It is possible
that insufficient dose, short duration of treatment, and/or oxi-
dation of the fish oils may have influenced these outcomes”.

Beneficial effects of fish oil 7-3 LC-PUFAs on cardiac risk
factors and heart rate variability have been also found in
people with epilepsy®. However, the administration of five
fish oil capsules with every meal (1260mg/d EPA and
540 mg/d DHA) in healthy middle-aged Japanese men with a
high level of fish consumption for 4 weeks did not demon-
strate a decrease in plasma TAG, cholesterol, LDL-cholesterol,
and whole-blood viscosity. Further, no changes in the fatty
acid composition of plasma and erythrocyte phospholipids
were noted®. A progressive and significant increase in total
hyperhomocysteinemia was observed after 8 weeks of dietary
supplementation with 6 g/d of fish oil. This increase was not
associated with changes in plasma folate or vitamin B;, con-
centrations®?.

In comparison with corn oil, fish oil tended to increase HDL
and decreased LDL concentration, and to decrease insulin sen-
sitivity, but it has no effect on oxidized LDL®". Once-a-day
intakes of plant sterol-enriched yoghurt drink (2g plant

sterols/d) and fish oil capsules (2g/d fish oil n-3 LC-PUFAs)
reduced 15% TAG and increased 5-4% HDL-cholesterol in
mildly hypercholesterolaemic 35—55y-o adults®?.

A 30-year follow-up survey of the Dutch and Finnish
cohorts of the Seven Countries Study showed that an increase
in the fish consumption was inversely related to glycaemia®?.
To take =1 versus <1 portion/week of fish was associated
with a lower risk of T2DM®®. Moreover, the risk of T2DM
in an elderly population was lowered by increased fish and
n-3 LC-PUFAs consumption®®. However, a large epidemiolo-
gical study of healthy adults showed that the relative risk of
T2DM was slightly higher in women who consumed =5 ser-
vings fish/wk than those who consumed fish =1/mo, after
adjustment by other dietary and lifestyle risk factors. The
authors explained the results by the fact that toxins such as
dioxins and methylmercury may interrupt insulin signalling
pathways. The authors also hypothesized that 7-3 LC-PUFAs
may contribute to higher glucose concentrations through
other mechanisms, i.e.: 7-3 LC-PUFAs can decrease glucose
utilization and increase glucagon-stimulated C-peptide, or
increase hepatic glLlconeogenesiSGG’. Several clinical studies
also reported that 7-3 LC-PUFAs may worsen glucose toler-
ance and insulin resistance in T2DM patients who consumed
large amounts of fish 0il®” 4. It has been pointed out that
these negative effects were due to the high doses of n-3 LC-
PUFAs used, such as =10 g/d fish oil.

A prospective study of 36328 women (mean age 54-6y)
who participated in the Women’s Health Study (1992-2008)
suggested an increased risk of T2DM with the intake of
marine 7-3 LC-PUFAs, especially with high intakes (=0-2g
omega-3/d or =2 servings of fish/d)“*Y. However, unfavour-
able associations between marine #n-3 LC-PUFAs intake and
glucose control was not found*?. In healthy individuals a
moderate supplementation of fish oil did not affect insulin
sensitivity, insulin secretion, beta-cell function or glucose tol-
erance™. Further, in a crossover study of subjects with
T2DM, enrichment with fish oil 7-3 LC-PUFAs failed to affect
insulin sensitivity and secretion”, but another randomized
crossover dietary intervention study with two 8-week periods
reported that an increase in oily fish consumption increased
insulin sensitivity in young iro n-deficient women*>.

Current evidence indicates that fish oil EPA and DHA can
prevent the development of inflammatory diseases by affect-
ing different steps of the immune response. DHA, but not
EPA, suppresses T lymphocyte activation®. The capacity of
n-3 LC-PUFAs to modulate the synthesis of eicosanoids,
activity of nuclear receptor and transcription factors, and pro-
duction of resolvins, may also mitigate inflammatory processes
already present. In a 8-wk intervention trial, 324 subjects
(aged 20-40 years, and BMI 27-5-32-5kg/m?® that took
salmon (3 X 150 g/wk, 2:1g/d LC-PUFA) or cod (3 X 150g/
wk, 0-3g/d n-3 LC-PUFAs) or fish oil capsules (1-3g/d n-3
LC-PUFAs) showed significant decreases in inflammation par-
ameters (high-sensitivity C-reactive protein, interleuki -6,
glutathione reductase, and prostaglandin F,a), a mechanism
by which PUFAs reduce CVD, but also they experienced
weight loss (—52 = 32 kg)(47), and decreased diastolic and

systolic blood pressure“™®. Similar results were obtained in
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subjects (35-70 years) after an 8-wk food-based intervention
trial taking salmon, an oily fish“"”. Dietary fish oil #n-3 LC-
PUFAs supplementation had a markedly protective effect in
suppressing exercise-induced bronchoconstriction in elite ath-
letes, which may be attributed to their antiinflammatory prop-
erties. Fish oil #n-3 LC-PUFAs supplementation decreased
leukotriene (LT)E4, 9a, 11B-prostaglandin F2, LTB4, TNFaq,
and interleukin-18°%.

n-3 LC-PUFAs are potentially useful anti-inflammatory
agents. To intake fish oil 960 mg/d of EPA and 600 mg/d of
DHA can decrease C-reactive protein levels®”. An 8-wk con-
sumption of fatty fish decreased lipids which are potential
mediators of lipid-induced insulin resistance and inflam-
mation®?. Dietary n-3 fatty acids have been associated with
lower levels of inflammation and endothelial activation,
which may partially explain the effect of 72-3 LC-PUFAs in pre-
venting cardiovascular disease®?.

Parenteral supplementation with fish oil 7-3 LC-PUFAs
emulsion decreased the magnitude and persistence time of
the systemic inflammatory response syndrome (SIRS), mark-
edly retrieve the unbalance of the pro-/anti-inflammatory
cytokines, improve severe condition of illness and may pro-
vide a new way to regulate the SIRS®?.

Fish oil 7-3 LC-PUFAs reduced the requirement for nonster-
oidal antiinflammatory drugs (NSAID) in patients with rheu-
5> and are a safer alternative to NSAID for
treatment of nonsurgical neck or back pain(S(’

supplements containing 7-3 LC-PUFAs may be used as
7

matoid arthritis
>, Cod liver oil

NSAID-sparing agents in rheumatoid arthritis patients
The combination of fish oil and paracetamol suppressed
PGE, synthesis by an amount equivalent to that from maxi-
mum therapeutic doses of NSAID, and enhanced suppression
of nociceptive PGE, synthesis and thereby provided additive
symptomatic benefits®®. Asthma, another highly prevalent
chronic inflammatory disease, may also positively respond to
fish oil supplements®”.

In spite of a high intake of fish oil, 7-3 LC-PUFAs may be
associated with decreased inflammation. A 12-wk randomized,
double-blind placebo-controlled intervention trial in healthy
subjects aged 50-70 years did not show that 3-5g/d fish oil
(1-5 g/d n-3 LC-PUFAs) significantly affected the serum inflam-
matory response (it did not significantly affect serum concen-
trations of cytokines, chemokines or cell adhesion molecules),
nor did patterns of inflammatory markers®”.

Fish oil 7-3 LC-PUFAs blunted the endocrine stress response
and the increase in body temperature, but had no impact on
cytokine production after endotoxin challenge, which has
been shown to mimic several aspects of sepsis. These findings
conflict with the postulated anti-inflammatory effects of fish
oil on ARA metabolism and cytokine release. These results
suggest that fish oil may exert beneficial effects in sepsis
though non-inflammatory?. However, the use of immunonu-
trition including fish oil in critical ill patients or patients with
severe sepsis may exert an excess mortality. All of which
require further research.

A high fish oil EPA and DHA intake (1-8 g EPA and DHA/d, 26
weeks) changed the expression of 1040 genes, and resulted in a
decreased expression of genes involved in inflammatory- and

atherogenic-related pathways, such as nuclear transcription
factor kappaB signaling, eicosanoid synthesis, scavenger recep-
tor activity, adipogenesis, and hypoxia signaling(()z).

Thirty six girls aged 18-22 years were supplemented 3
months with 15mL fish oil daily (550mg/d EPA; 205 mg/d)
by means a cross-over clinical trial. They reduced symptoms
of dysmenorrhoea, low back pain and abdominal pain, and
needed significantly fewer rescue doses of ibuprofen while
using fish oil .

Pregnant women aged 18—41 years supplemented from
week 22 with modified fish oil showed high thiobarbituric
acid-reactive substances (TBARS), an oxidative stress index
in lipids, at week 30, and minor changes of uric acid increased
and beta-carotene as well as trolox-equivalent antioxidative
capacity (TEAC) from week 20 to delivery. Fish oil 7n-3
LC-PUFAs supplementation improved infant neurological
development, it causes additional increase of oxidative stress
at week 30, but it also did not decrease antioxidant status
during the second half of pregnancy(64). Maternal fish oil
supplementation during pregnancy (2:2g/d DHA and 1-1g/d
EPA from 20 weeks’ gestation until delivery) was safe for the
foetus and infant, and might have potentially beneficial effects
on the child’s eye and hand coordination®®.

Fish intake also plays a protective role in the development
of allergic diseases in women because of its high n-3
LC-PUFAs contents. It is not understood why this association
was only seen in females, but gender-related differences in
metabolism of PUFA could be a possible explanation®®. Sup-
plementation of pregnant women with allergic disease with
fish oil (3:7g/d of n-3 LC-PUFAs) for the final 20 weeks of
pregnancy decreased neutrophil LTB4 production, pro-inflam-
matory IL-6 responses and regulatory IL-10 responses by lipo-
polysaccharide-stimulated neonatal mononuclear cells, and a
trend for less inflammatory products (LTB5) in neonates.
It provides evidence that fish 7-3 LC-PUFAs can influence
early immune development®”. Milk of lactating mothers sup-
plemented with tuna oil had high DHA and ALA contents,
which are important nutrients in the infant preterm diet®®
The maximum DHA levels in human breast milk exceed 1%
of total fatty acids in high-fish-consuming populations. Con-
sumption of DHA-rich human milk as sole source of nutrition
provided approximately 315mg/d in infants 1-6 months of
age, and appeared to be a safe level of intake, without adverse
events in infants. Daily maternal supplementation with either
fish oil 1-6g EPA and 1-1g DHA or placebo in pregnant
women affected by allergy themselves or having a husband
or previous child with allergies from the 25th gestational
week to average 3—4 months of breastfeeding, decreased
the period prevalence of food allergy, as well as the incidence
of IgE-associated eczema during the first year of life in infants
with a family history of allergic disease®”. The 1n-3 LC-PUFAs-
status in late infancy affected heart rhythm in infants similar to
that observed in adults, and influenced on brain development
and CNS function, irrespectively of gender”?.

Elderly people are susceptible to cardiovascular and neuro-
logical illnesses, which seem to be related in part to lower
intake of n-3 fatty acids”". Furthermore, supplementation
with high or low doses of fish oil n-3 LC-PUFAs for 26
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weeks influenced neither the cognitive performance”?,

the quality of life of healthy older individuals, measured by
means of the WHO’s quality of life questionnaire’> .

Subjects consuming fatty fish or with an intake of 7-3 LC-
PUFAs higher than 0:10% of energy intake had a significantly
low risk of depressive episode and of recurrent depressive

nor

episodes, but not of single depressive episode. These associ-
ations were stronger in men and in non-smokers, but smokers
eating fatty fish had an increased risk of recurrent depression.
Then, usual intake of fatty fish or 7-3 LC-PUFAs may decrease
the risk of recurrent depression in non-smokers®.

Few effects of 7-3 LC-PUFAs on cognition and mood states,
few risk-averse decisions, and improved scores on the con-
trol/perfectionism scale of the cognitive reactivity measure
have been also found, but no effects on other cognitive
tasks”. A randomized, double-blind, placebo-controlled
trial did not observed effect of EPA and DHA supplementation
for 26wk on mental well-being in older (=65 years) popu-
lation”®. Eating oily fish at least once per week were associ-
ated with a reduction of neovascular age-related macular
degeneration””.

Incorporating a daily fish meal rich in 7-3 LC-PUFAs into a
weight-loss regimen was more effective than either measure
alone at improving glucose-insulin metabolism and dyslipide-
mia, and also reduced cardiovascular risk”®. Controlled trials
using whole fish as a test meal were encouraged to be able to
elucidate the role of different constituents of fish for human
health””. validated visual analogue scale assessment revealed
low hunger sensations in volunteers (31 =5 years; BMI
283 + 15 kg/m2) after an intervention (>1300mg/d of 7n-3
LC-PUFAs) on the last 2wk of an 8-wk energy-restricted
balanced diet (weight loss = —5-9 = 3-1%). Therefore, 7n-3
LC-PUFAs seems to modulate postprandial satiety in over-
weight and obese volunteers during weight loss, and may
be considered nutritional factors with a potential to modulate
food intake®®™. However, a controlled randomized dietary trial
showed that dietary 7-3 LC-PUFAs do not play an important
role in the regulation of food intake, energy expenditure, or
body weight in humans®.

The sunburn response is markedly reduced by dietary fish
oil rich in n-3 LC-PUFAs. Reduction of UV-induced inflam-
mation by fish oil may be due, at least partially, to lowered
PGE, levels, suggesting a clinical application for fish oil 7-3
LC-PUFAs‘™?.

Treatment of antiretroviral treated HIV-infected patients
with fish oil 7-3 LC-PUFAs slightly decreased plasma TAG
and induced anti-inflammatory effects by increasing formation
of anti-inflammatory LTB5. No other
observed®?.

Some in vitro and animal studies have suggested an inhibi-

changes were

tory effect of marine #7-3 fatty acids on breast cancer growth,
but no significant associations between intake of total fish
and breast cancer risk were observed in 310671 women
aged 25-70 years at recruitment into the European Prospec-
tive Investigation Into Cancer and Nutrition®". Oral nutri-
tional supplement containing fish oil 2-0g/d EPA and 0-9g/d
DHA had immune-modulating effects and could improve
nutritional status in patients with non-small cell lung cancer

(NSCLC) undergoing multimodality treatment®. A combi-

nation of fish oil 72-3 LC-PUFAs and cyclooxygenase-2 inhibitor
decreased some of the signs and symptoms associated with a
Systemic Immune-Metabolic Syndrome (i.e.: paraneoplastic
hemopathies, hypercalcemia, coagulopathies, fatigue, weak-
ness, cachexia, chronic nausea, anorexia, and early satiety
among others) could be ameliorated®. Fish oil EPA-enriched
supplement (1:09 g/d) may reverse cachexia in advanced pan-
creatic adenocarcinoma, and showed weight-gain at both 3
(1kg) and 7 weeks (2 kg)(87). Increased intakes of dietary
ALA may increase the risk of advanced prostate cancer,
whereas EPA and DHA intakes may reduce the risk of total
and advanced prostate cancer®®.

Until now, we have listed a number of studies that have
clearly remarked the benefits of fish oil 7-3 LC-PUFAs. How-
ever, some concerns about potential health risks derived
from the environmental pollutants and contaminants found
in fish have been also raised. One of the most dangerous con-
taminants is methylmercury (MeHg). Mercury is emitted into
the atmosphere from several sources. From the atmosphere,
mercury cycles from rainwater into lakes and oceans, where
it is converted by the action of microorganisms into organic
MeHg, which is well absorbed and actively transported into
tissues by a widely distributed carrier protein®°”. The con-
centration of MeHg in any given fish species depends on
the degree of local environmental contamination and on the
predatory nature and lifespan of the species. The concen-
tration of MeHg in fish is increased by fish eating other fish
for food. Fish that are not predatory, shorter-lived or smaller
species, such as sardines, salmon, flounder, canned light
tuna and shrimp, therefore have very low levels of MeHg.
By contrast, longer-living and predatory fish such as shark,
tuna, swordfish and orange roughly have higher levels of
MeHg. Interestingly, the much-maligned farmed fish have
the lowest levels of MeHg. Although MeHg per se is very neu-
rotoxic, in fish MeHg is bound to cysteine, and this compound
has a tenth of the toxicity of pure MeHg“"?. MeHg can bind
to the sulthydryl groups of enzymes, ion channels, and recep-
tors, inhibiting important antioxidant systems and increasing
the production of reactive oxygen species and free rad-
icals®*®_ Health effects of very high doses of MeHg exposure
are well-documented and include paresthesias, ataxia, and
sensory abnormalities in adults, and delayed cognitive and
neuromuscular development in children following in utero
exposure”??. MeHg crosses the placenta, and exposure to
¥ Following
very high gestational exposure, severe neurodevelopmental
abnormalities can occur in children. However, the health
effects of chronic low level mercury exposure are scarcely
well-established.

Estimated 72-3 LC-PUFAs benefits outweighed cardiovascular
and neurodevelopmental MeHg risks for some species
(farmed salmon, herring, trout); however, the opposite was
true for others (swordfish, shark). Other species were associ-
ated with a small net benefit (flounder, canned light tuna) or
a small net risk (canned white tuna, halibup®®.

More typical MeHg exposures from fish consumption are far

the fetus is a function of maternal exposure

lower. Among US women of childbearing age, the median
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levels of hair mercury were 0-19 ppm overall, and 0-34 ppm
among women who consumed more than three servings of
fish per month®”. These low exposure levels do not produce
clinically detectable neurologic symptoms or signs in children.
In studies in the Faroe Islands®®*”, New Zealand'°>°Y and
Poland'%?| higher gestational mercury exposure was associ-
ated with lower scores on some neurologic tests, but not on
most of them. In the Seychelles, however, higher gestational
MeHg exposure was associated with higher scores on some
neurologic tests'°>1%? Maternal fish intake during gestation
was associated with better visual recognition memory scores,
while maternal hair mercury was associated with lower
visual recognition memory scores'’”| suggesting that overall
fish consumption (which provides DHA, likely beneficial for
neurodevelopment) and MeHg exposure may have opposing
effects. Gestational mercury exposure was not associated
with neurodevelopmental scores, but it was associated with
better neurodevelopmental scores in other human popu-
lations''*®.

It should be useful in establishing advisories for a wide
variety of commercially available and locally caught fish,
assuming that the requisite MeHg and 7-3 LC-PUFAs data are
available®>*’="2_ This caution should be extended to
other foods fortified with fish oil #-3 LC-PUFAs, such as eggs
and milk. However, exceeding the tolerable daily intake was
just noticed for heavy seafood consumers. Wild and farmed
fish are generally both similar in 7-3 LC-PUFAs contents but
may vary in terms of potential toxins, but they affected
proteins and not fatty acids.

Accordingly, the Environmental Protection Agency pub-
lished a focused advisory for women of childbearing age,
nursing mothers, and young children™'®. The allowable
upper limit of daily intake, for methylmercury of 0-1 pg/kg
per d (approx. 50 pg/week for a 70 kg woman)®”. Four fish
species (shark, swordfish, king mackerel, and tilefish)
exceed this limit in a single serving. So, women of childbear-
ing age, nursing mothers, and young children should avoid
these specific species, but they could consume a variety of
other fish up to 2 servings/week (including up to 1 serving/
week of albacore tuna) to receive the important health
benefits"'?. The US Institute of Medicine recommended that
pregnant women restrict their intake of fish with a higher
MeHg content (shark, tuna, or swordfish) to 1 meal per 2
weeks; however, these women can eat 2—3 meals of other
fish per week (sardines, salmon, or shrimp)®”. The import-
ance of this conservative reference dose for health effects in
adults remains still unclear'?.

The results of studies of mercury exposure and cardiovascu-
lar disease incidence in adults provide inconclusive evidence
for cardiovascular toxicity of mercury exposure. Of note,
in the only two studies that observed positive associations
between mercury exposure and cardiovascular risk, the net
effect of fish consumption was still beneficial® 1-116)

Sensorimotor symptoms in adults, most commonly par-
esthesias, can be seen following very high methylmercury
exposure from accidents”*?*!'” or prolonged high intakes
of mercury-containing fish (1-2 fish servings per day,

including species high in mercury, for >10 years)®®. Such

symptoms are typically reversible when mercury exposure is
reduced. Evidence suggests that fish consumption may favor-
ably affect clinical neurologic outcomes in adults, including
ischemic stroke™'®, cognitive decline and dementia™®| and
depression and other neuropsychiatric disorders™2%121,

Other potential contaminants in fish such as dioxins and
polychlorinated biphenyls could potentially increase the risk
of cancer. An analysis of the potential harmful effects of
these contaminants in fish versus the benefits of omega-3
fatty acids has, however, concluded that the levels of dioxins
and polychlorinated biphenyls in fish are low, and potential
carcinogenic and other effects are outweighed by potential
benefits of fish intake®”12?,

To sum up, the balance of benefit vs. risk is most favourable
for oily fish species which contain higher amounts of 7-3
LC-PUFAs, compared with lean fish, which are generally
lower in 7-3 LC-PUFAs.

Plant omega-3 fatty acids

To achieve recommended alpha-linoleic acid (ALA) intakes,
food sources including flaxseed and flaxseed oil, walnuts
and walnut oil, and canola oil are recommended. Short-term
trials (6—12wk) in healthy participants mostly showed no or
inconsistent effects of ALA intake (1-2-3-6g/d) on blood
lipids, LDL oxidation, lipoprotein A, and apolipoproteins A-I
and B. There was a protective effect against nonfatal myocar-
A2-128  However, no protective associations
were observed between ALA status and risk of heart failure,
atrial fibrillation, and sudden death®®~'3%_ Dietary ALA and
EPA + DHA had different physiologic effects on fasting TAG
concentrations, and susceptibility of LDL to oxidation"®®.
Findings from long-term trials of ALA supplementation were
awaited to answer the question whether food-based or
higher doses of ALA could be important for cardiovascular
health in cardiac patients and the general population.
ALA derived from plant sources decreased the risk for mild
dementia among elderly people(]%). Plant sources of dietary
n-3 LC-PUFAs may have a protective effect on bone metab-
olism via a decrease in bone resorption in the presence of
consistent levels of bone formation”.

Flaxseed is a rich source of ALA (35 % of its mass as oil, of
which 55% is ALA), fibre and lignans, making it a potentially
attractive functional food for modulating cardiovascular risk.
Flaxseed oil intake increases ALA and EPA plasma levels, but
not DHA, did not affect glycaemia®®®, had an hypotensive
effect® a modest but short lived LDL-cholesterol lowering
effect, yet reduced lipoprotein A, improved insulin sensitivity
in hyperlipidemic adults"?”, had no effect on plasma adipo-
nectin concentration in dyslipidemic men™*”, did not affect
serum lipids, except for a slight reduction in serum TAG, did
not decrease CVD risk by altering lipoprotein particle size or
plasma concentrations, and did not compromise antioxidant
status"#11*2 Flaxseed oil did not have antioxidant activity
except they suppressed oxygen radical production by white
blood cells. An intake of =9-5g/d flaxseed oil ALA did not
alter the functional activity of neutrophils, monocytes, or
lymphocytes, but it changed the fatty acid composition of

dial infarction
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mononuclear cells. Flaxseed oil ALA doses =14 g/d did not
affect inflammatory mediators/markers, but =14 g/d reduced
inflammatory mediators/markers and platelet aggregation,
and increased platelet activating inhibitor-1 and bleeding
time'*®. Therefore, flaxseed and its components improve
cardiovascular health. Fibre contents of flaxseed increased
bowel movements per week*?, and suppression of athero-
sclerosis wa just due to its lignan content*

Feeding healthy term infants’ soy-based formula DHA and
ARA supplemented at concentrations similar to human milk
significantly increased circulating levels of DHA and ARA in
total red blood cells and plasma phospholipids. Supplemen-
tation did not affect the tolerance of formula or the incidence
of adverse events™*?,

Dietary intake of rapeseed ALA, EPA or DHA for 3 weeks
led to a significant enrichment these fatty acids in the LDL
particles, with dietary EPA preferentially incorporated. ALA
enrichment did not enhance LDL oxidizability, whereas the
effects of EPA and DHA on LDL oxidation were inconsistent,
possibly in part due to further changes in LDL fatty acid
Composition(MS) .

Omega-3 fatty acids enriched dairy products

The consumption of 500 mL/d for 6wk of an enriched semi-
skimmed milk (400mg of EPA and DHA) decreased TAG
and increased HDL-cholesterol serum levels'*”. An 8-wk
supplementation of 500mL/d enriched semi-skimmed dairy
products (60mg/100mL EPA and DHA) decreased LDL-
cholesterol and TC serum levels7'*®_ The consumption of
3 g/d n-3 LC-PUFAs-supplemented dairy products for fifteen
weeks decreased cardiovascular risk factors (TC, TAG, high
HDL-cholesterol, low LDL/HDL ratio)'*”. The consumption
of n-3 LC-PUFAs milkshake providing 2-0g EPA and 27g
DHA (ratio 2:3) had an attenuating effect on augmentation
index and stiffness index">”. Seven-month consumption of
500mL/d of a PUFA enriched dairy drink (60% olive oil,
20% peanut, and 20% sunflower), containing a quarter of
the saturated fat present in standard whole milk, decreased
serum levels of total cholesterol and LDL-cholesterol, without
reducing caloric intake, in 3-9 year-old children™®”. These
effects were not observed after administration of EPA and
DHA capsules™?, showing that the vehicle of administration
(milk) also plays a role in the produced effects.

The consumption of a PUFA enriched dairy 500mL/d
of the test milk for 1 year in 297 25-65y-0 subjects with
moderate CV risk increased serum HDL-cholesterol levels,
and decreased TG, TC, and LDL-cholesterol’®®. When this
intervention was carried out in patients with peripheral vascu-
lar disease, TC apolipoprotein B levels decreased, mainly
in patients with high cholesterol values, but also increased
the walking distance before the onset of pain, a method to
measure the intensity of this illness™>®. Similar results were
obtained in patients with history of myocardial infarction*>> .

Finally, 3-month consumption of 186 mg/d EPA and DHA in
skimmed milk reduced TC, LDL-cholesterol, and TAG serum
levels>®. The average inclusion of 300 mg of EPA and DHA
in the milk produced 25-50% enrichment in the plasma

levels of the fatty acids after a minimum period of 6 weeks,
because milk is a very efficient carrier for fat absorption,
enhancing the bioavailability of 7-3 LC-PUFAs+142143.150)
The intake of ALA, EPA or DHA-supplemented margarine
led to a significant enrichment of the LDL with the respective
n-3 LC-PUFAs. ALA, EPA, or DHA intake did not affect
fasting serum concentrations of total and LDL-cholesterol,
but fasting serum TAG concentrations significantly decreased.
DHA intake significantly increased serum HDL cholesterol,

whereas no changes were found with ALA or EPA

intake'*?

These intervention studies in patients show that the
inclusion of 7n-3 LC-PUFAs enriched dairy products in the
usual dietary pattern increases the ability to control the CVD

risk factors, and also improve clinical outcomes.

Animal-derived food omega-3 fatty acids

Poultry meat contributes small but worthwhile amounts of EPA
and DHA. Studies on EPA and DHA contents of animal-
derived foods mainly use fish oil to enrich these diets. This
enrichment has the potential to provide a daily intake of
EPA and DHA of about 230mg to the Western adult diet,
with poultry meat providing the largest amount (74 mg)*>”.
A significant increase in 7-3 LC-PUFAs levels in beef from
cattle fed rations supplemented with flaxseed has been
demonstrated .

Available literature indicates that the levels of EPA and
DHA in food products may be increased more, if the animals’
diet was supplemented with fish products rather than
seed products. Sometimes, organoleptic properties of food
products may be compromised. It has been suggested that
omega-3 fatty acids may be enriched in pork by feeding
swine with tuna oil, but sensory properties and shelf life
(159,160, However, adverse effects
appear, i.e. addition of fish oils to Bruehwurst sausages
increased the 7n-3 LC-PUFAs contents without changes on
sensory properties, and just showed off-flavours, not always
described as ‘fishy %,

A standard egg contains a ratio of n-3 LC-PUFAs to total fat
less than 1%. By feeding laying hens with grains, soybean
and ?axseed rich in ALA, n-3 LC-PUFAs content per egg can
be increased to 6 times than the standard eggs. Three 7-3
LC-PUFAs-enriched eggs provided approximately the same
amount of 7-3 PUFA as one meal with fish'®®. Consumption
of n-3 LC-PUFAs-enriched eggs reduced systolic blood press-
ure, but had no effect on BMI, WHR, waist circumference and
diastolic blood pressure, with no change in the daily intake
of energy, protein, carbohydrate, total fat, SFA and MUFA,
but increased PUFA and TC blood levels, and decreased
plasma fasting insulin and CRP levels. Reasonable consump-
tion of 7n-3 LC-PUFAs enriched eggs (hen feed supplemented
at 5% tuna oil, and enriched eggs contained nine times
more 7-3 PUFA than usual eggs, mainly DHA) was associated
with a significant decrease in 16—-18% decrease in serum
triglycerides, but with no significant difference in serum
LDL- and HDL-cholesterol. These eggs could be a palatably
acceptable source of 7-3 LC-PUFAs"?. Feeding hens with

decrease could not
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microalgae-rich diet, an improvement in DHA contents was
obtained, avoiding unpleasant flavours associated with fish
oil supplementation(l(’z‘) .

It is interesting, however, to know the impact of the chow
formulation used on farms and breeding centres on the
nutritional value of the animal products, and their effect on
the health of consumers. The consequences of modifications
in the composition of animal foods on the value of derived
products consumed by humans are more marked when
single-stomach animals are concerned than multi-stomach
animals, because hydrogenating intestinal bacteria of the
latter group transform a large proportion of PUFA in their
food into SFA, among others, thus depriving them of any
biological interest*>.

Krill oil omega-3 fatty acids

Antarctic krill, Euphausia superba, is a marine crustacean
that has not been a traditional food in the human diet.
Krill is a rich source of high-quality protein, with the advan-
tage over other animal proteins of being low in fat and a
rich source of EPA and DHA. Antioxidant levels in krill are
higher than in fish, suggesting benefits against oxidative
damage. Finally, the waste generated by the processing of
krill into edible products can be developed into value-
added products™®®.

Plasma EPA and DHA concentrations increased significantly,
and blood urea decreased after overweight and obese men
and women received capsules containing 2g/d of krill oil
for 4 weeks. Nor other changes, neither adverse effects were
detected®”. Patients treated 3mo with 1g/d and 1-5g/d
krill oil demonstrated that krill oil is effective for the manage-
ment of hyperlipidemia by significantly reducing total choles-
terol, LDL, and triglycerides, and increasing HDL levels. At
lower and equal doses, krill oil was significantly more effec-
tive than fish oil for the reduction of glucose, triglycerides,
and LDL levels"*®. Neptune Krill Oil may significantly
reduced dysmenorrhea and the emotional symptoms of pre-
menstrual syndrome and showed to be significantly more
effective than omega-3 fish oil 1%,

Seal oil omega-3 fatty acids

Seal oil supplementation in healthy, normocholesterolemic
subjects decreased the 7-6/n-3 ratio and increased EPA,
DHA, and DPA and the ratio of EPA/AA and DHA/AA in the
serum, while exhibited a modest beneficial effect on fibrino-
gen and CRP levels"’®. No change was observed in body
weight, fasting blood glucose, renal function and blood cells
of patients with nonalcoholic fatty liver disease associated
with hyperlipidemia after an intervention with 2g n-3 LC-
PUFAs from seal oils, three times a day, 24 wk. Liver alanine
aminotransferase and TAG blood levels decreased after the
intervention. Fatty liver regression was observed in 19-7 % of
the patients, and an overall reduction was found in 53-0%.
No serious adverse events occurred in all the patients who
completed the treatment”?.

Discussion

In this review, findings were classified according to the dietary
source of the omega-3 fatty acids, and their benefits and the
risks for the public health.

Algal omega-3 fatty acids are DHA and DPA, and their main
effects are a decrease of TAG and VLDL and a slightly increase
of HDL and LDL-cholesterol plasma levels, as well as Factor
VII coagulant activity. Up to date, no adverse effects have
been observed.

Fish oils are the most common source of source of omega-3
fatty acids, mainly EPA and DHA. It has been pointed out pro-
tective and beneficial effects of these fatty acids on hearth
health, CVD, blood lipid profile, T2DM, inflammatory and
renal diseases, maternal and child health, CNS function,
elderly, psychiatric disorders, several cancers, and other ill-
nesses. Several studies suggested an increased risk of T2DM
with the intake of marine 7n-3 LC-PUFAs, especially with
higher intakes. Another potential health risk derived from
the environmental contaminants found in fish.

Plant omega-3 fatty acids are the main source of ALA, which
increases blood DHA and ARA levels, improves insulin sensi-
tivity, has a very small hypotensive effect, and a protective
effect on bone metabolism. Other benefits are still inconsist-
ent. The main question is whether dietary intake of ALA can
provide enough EPA and DHA amounts.

Enriched dairy products are a good vehicle to provide
omega-3 fatty acids. The benefits are addressed to improve
the blood lipid profile, arterial stiffness, inflammation, and oxi-
dative stress markers, and to decrease CVD risks. No adverse
effects have been yet described.

Animal-derived food omega-3 fatty acids contribute to EPA
and DHA levels. Enriched eggs are one of the most common
sources of animal-derived food omega-3 fatty acids. The ben-
efits and risks on the public health depend on the chow for-
mulation used in farms, and the type of fats fed by the
animals. The only adverse effects may be decreased meat sen-
sory properties and shelf life.

Krill is a rich source of high-quality protein, also low in fat
and a rich source of EPA and DHA. The benefits are effects
against oxidative damage, increase of HDL, EPA and DHA
blood levels, decrease of LDL, TAG, and urea levels, as well
as dysmenorrhea and premenstrual symptoms, and the
waste generated by its processing into edible products can
be developed into value-added products. No adverse effects
have been described.

Seal oil contributes to increase EPA, DHA, DPA, and TAG
blood levels. No adverse effects have been described. and
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