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FOREWORD

Aude Paulmyer
Lead Regulatory Affairs & Nutrition Manager
Unilever France

“

Over the years, it has been established that cardiovascular issues were closely linked to the
diet. This topic quickly has become of public concern and the food industry has obviously a key role
to play to help in improving general health.
At Unilever, we understand just how important food is in our lives. Food doesn't just sustain us, it
can nourish and revitalise us. Good food and drink can improve our health and vitality, be fun and
bring families and friends together. We care about food because people do.
Within the group, teams of nutritionists are involved in the innovation process all the way from
generating ideas to launching the branded products and ensuring their nutritional communication.
Unilever has pioneered the research efforts to understand the role of essential fatty acids in
cardiovascular health. Since the 1970s, with the launch of Fruit d’Or and Planta Fin, margarines rich
in polyunsaturated fatty acids, Unilever has established partnerships with external experts.
Thus, Unilever Research and Development centres often work with external research teams but
also carry on their own lipid research programs. We are eager to share the knowledge with other
scientists about new tracks, new analytic methods and compare results and concerns.
This issue, centered on the link between essential fatty acids and human health, is a common
project with Michel Lagarde and his promising team, designed to share with scientists and health
professionals the key learnings of our various collaborations.

Thanks to Patricia Boulos for her involvement in the coordination of this project

1

EXE UNI ESSENTIAL2_exé1 22/11/12 22:48 Page3

FOREWORD

Michel Lagarde
University Professor (Biochemistry and Molecular Biology) at INSA-Lyon, France
President of the Institute for Multidisciplinary Biochemistry of Lipids (IMBL) and
Scientific Director of the LISA (Lipids for Industry and SAfety & health) Carnot institute

“

Relationships between the academic research and the agro-food industry are fruitful for both
parts, and useful to the consumers. This is especially relevant to the issue of lipid nutrients relating
to maintain health and prevent diseases.
Within the Carnot LISA institute, devoted to partnerships between its laboratories and industry,
our laboratory at INSA-Lyon is notably interested in better defining the role of polyunsaturated
fatty acids of the omega 3 and 6 families in the cardio/cerebro-vascular systems.
Whereas linoleic (LA) and alpha-linolenic (ALA) acids are indispensable fatty acids in humans, some
of their derived polyunsaturated fatty acids (PUFA) may be considered as essential as well,
provided they are endowed with important biological functions. This is especially valid for
arachidonic (AA) and docosahexaenoic (DHA) acids. AA is the most abundant PUFA in animal cells
except in the brain tissues, and the precursor of prostanoids and leukotrienes. On the other hand,
DHA is a major functional component of the brain and retina, and the precursor of docosanoidderived oxygenated metabolites. Although LA and ALA can be converted into AA and DHA,
respectively, by successive desaturation and elongation steps, notably in the liver, the rate
conversion might be limiting in some cases. It is assumed for instance that 1-2 % of ALA can be
converted into DHA in humans, with an interesting exception for the pregnant women for whom
the rate conversion may reach 8 %. This makes DHA an essential fatty acid found in marine food, to
achieve the dietary recommendations. In contrast, the conversion of LA into AA does not appear to
be limiting, and neither is the intake of AA from food as it is abundant in terrestrial animal meat.
However, the knowledge relating to the metabolic fate of ALA remains partial. It is known to hardly
accumulate in human body compartments and assumed to be promptly beta oxidized. Yet, it is still
of interest in the prevention of several pathologies, including vascular diseases and metabolic
disorders. The mechanism of such effects might be attributed to its derived EPA and DHA, but the
weak rate conversion of ALA into these long-chain PUFA keeps the possibility for ALA to be active
by itself. Its oxygenation into bioactive specific metabolites, belonging to the wide family of
oxylipins, deserves better investigation.
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INTRODUCTION ON OMEGA 3 (N-3)
AND OMEGA 6 (N-6) FATTY ACIDS
Essential fatty acids (EFAs) are polyunsaturated fatty acids (PUFAs) that the organism is not able to
synthesize (i.e. they have to be brought by the diet).
• Linoleic acid (LA) is the precursor of the omega-6 family,
• Alpha-linolenic acid (ALA) is the precursor of the omega-3 family,
• EPA (eicosapentaenoic acid) and DHA (docosahexaenoic acid) are long-chain omega-3 fatty
acids derived from alpha-linolenic acid. However, because of a low conversion rate from
EPA and sometimes from ALA, DHA should be provided adequately by the diet.

Synthesis of essential fatty acids

Delta-4-desaturation includes first an elongation of 22:4n-6 and 22:5n-3 into 24:4n-6 and 24:5n-3,
then further desaturation by delta-6-desaturase into 24:5n-6 and 24:6n-3, and finally betaoxidation into 22:5n-6 and 22:6n-3, respectively.
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Main functions of LA, ALA, EPA and DHA
• Universal constituents of cell membranes [Martin 2001].
• LA and ALA are precursors of functional lipids involved in many cellular functions,
pathophysiological pathways

OMEGA 6

OMEGA 3

Linoleic acid
• Maintenance of normal blood
cholesterol concentrations [EFSA 2009].
• Decrease of LDL-cholesterol in
substitution for SAFA.

Alpha-linolenic acid
• Maintenance of normal blood cholesterol
concentrations [EFSA 2009].
• Small anti-inflammatory effect [EFSA 2010].

Arachidonic acid
• Precursor of 2-series prostaglandins
and thromboxane, 4-series leukotrienes.
• Modulation of inflammatory responses.

EPA and DHA
• Maintenance of normal cardiac function
and normal blood concentrations of
triglycerides [EFSA 2010].
• Precursors of lipid-derived mediators
involved in the prevention of inflammatory
response [FAO 2010].
• Presumable prevention of colorectal and
breast cancer risk. The evidence is possible for
breast cancer [FAO 2010].
• Maintenance of normal blood pressure
[EFSA 2010].
DHA
• Major structural and functional
constituent of the neurons and their signalling
synapses [FAO 2010].
• Presumably involved in depression [FAO
2010].

Main food sources for EFAs (LA and ALA) for the French population:
• vegetable oils (rapeseed, sunflower, peanut oils)
• products made from vegetable oils (margarines or mayonnaise, for example).
Main food sources for EPA and DHA:
• fatty fish (salmon, herring or mackerel)
• dairy products and meat from linseed-fed animals [Legrand 2010].
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Food sources of linoleic acid
Linoleic acid main sources in the French diet [Souci 2008] are indicated in the diagram below. Those
values are indicated for 100g of products but once in the plate the serving size induces a lot of
variations in the amount of LA provided: for example, one serving of egg weighs 60 grams (or 1.02g
of LA / serving) while a serving of sunflower oil weighs 10 grams (or 6.31 g of LA / serving).

Amount of linoleic acid in 100g of product

In some countries, linseed oil can also be part of the diet; it provides 14.3 g of LA per 100 g
[Souci 2008].

Amount of linoleic acid in 1 serving of product
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Food sources in alpha-linolenic acid
In France, a study showed that all food types contribute to alpha-linolenic acid intake, the main
ones being animal products (meat, poultry and dairy products) [Astorg 2004].
The diagram below presents an overview of the main sources of alpha-linolenic acid in the diet [Souci
2008]. Those values are indicated for 100g of products but once in the plate the serving size
modulates the amount of ALA provided: for example one serving of emmental weighs 30 grams (or
0.1 g of ALA per serving) when a serving of rapeseed oil represents 10 grams (or 0.96 g of ALA per
serving).
Amount of alpha-linoleic acid in 100g of product

In some countries, linseed oil can also be part of the diet; it provides 52.8 g of ALA per 100g
[Souci 2008].

Amount of alpha-linoleic acid in 1 serving of product
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Intake habits in France
According to Astorg (2004), the average daily intake of LA, ALA, EPA and DHA in France is the
following:
• LA: 10.6 g for men and 8.1 g for women,
• ALA: 0.94 g for men and 0.74 g for women,
• EPA: 150 mg for men and 118 mg for women,
• DHA: 273 mg for men and 226 mg for women.

Recommendations
• ANSES (ex-AFSSA) (France)
New scientific data led ANSES to reconsider the previous guidelines for fatty acids intake in
France [AFSSA 2010].
Type of fatty acids
LA
ALA
EPA
DHA

Recommendations
4 % of the daily energy should be provided by linoleic acid
(or almost 9 g per day for a daily intake of 2000 kcal)
1 % of the daily energy should be provided by alpha-linolenic
acid (or almost 2 g per day for a daily intake of 2000 kcal)
250 mg per day
250 mg per day

• FAO (international)
At an international level, recommendations are slightly different [FAO 2010]:
- 2.5 to 9% of the daily energy should be provided by linoleic acid for adults
(i.e. from 5.5g to 20g of linoleic acid per day),
- 0.5 to 2% of the daily energy should be provided by alpha-linolenic acid for adults
(i.e. from 1g to 4g of alpha-linolenic acid per day).

Consumption studies enable to note that intakes in linoleic acid are close to recommendations
whereas intakes in alpha-linolenic acid are much lower than recommended for men and women.
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BENEFICIAL EFFECTS OF SUBGRAM DOSES OF
OMEGA 3 POLYUNSATURATED FATTY ACIDS

INTERVIEW
Catherine Calzada
Senior Research Fellow at CNRS, CarMeN Laboratory,
at INSA-Lyon, France

What are the optimum doses for Omega 3 PUFAs intake?
Optimum doses of long chain Omega 3 PUFA, especially EPA and DHA, for health benefits are still a
matter of debate. They depend on several factors such as population group, baseline intake levels,
baseline tissue levels of Omega 3 PUFAs, antioxidant status, targeted endpoints… Supplementation
studies generally combine EPA and DHA, which makes it difficult to delineate the specific roles of
each Omega 3 PUFA.
What is your main topic within the INSA research team, focused on lipid biochemistry and health?
One of my research interests is to determine the dose effects of Omega 3 PUFAs in relation with
oxidative stress. Actually, there is growing evidence that oxidized lipids, produced through free
radical reactions, are involved in many degenerative diseases [Halliwell 2007]. Thus, supplementation
with high doses of Omega 3 PUFAs may possibly lead to increased lipid peroxidation and adverse
effects, especially in individuals at high risk for oxidative stress and associated atherothrombosis.
Lipids
Free radicals
Oxidized lipids

Supplementation with high doses of
Omega 3 PUFA

Degenerative diseases
Previous work from our group [Lemaitre 1997] [Véricel 2003] showed that in vitro enrichment of human
platelets with high concentrations of DHA resulted in increased oxidative stress, whereas low
concentrations decreased platelet lipid peroxidation (refer to the table below for details on design
and outcomes of the studies).
In support with these in vitro studies, we showed that the daily supplementation of elderly people
with low doses of DHA and EPA led to an improved redox status of platelets [Véricel 1999].
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Has your investigation led to determine an optimal intake of Omega 3?
To determine the optimum dose of DHA leading to beneficial effects on blood cell functions and
redox status, we recently carried out a small dose-response study with DHA as the only Omega 3
PUFA in healthy non-smoking middle-aged men. They were supplemented daily with consecutive
doses of DHA ranging from 200 to 1600 mg, each dose ingested during two weeks.
Regarding vitamin E, the main lipid soluble antioxidant in LDL and cell membranes, our results
showed that the concentrations of alpha-tocopherol were increased in LDL and platelets, following
supplementation with 200 mg/d DHA. Higher doses of DHA (400 mg and 800 mg/d) also increased
LDL alpha-tocopherol. Different markers of lipid peroxidation such as urinary F2-isoprostanes were
decreased following supplementation with 200 mg/d DHA, but were increased after 1600 mg/d
DHA [Guillot 2009]. LDL MDA levels were decreased after 200 to 800 mg/d DHA, but not after 1600
mg/d [Calzada 2010]. Furthermore, a specific marker of Omega 3 PUFA peroxidation (called 4-HHE) was
slightly increased in plasma after low doses of DHA, but was dramatically increased after high doses
(up to 10-fold with 1600 mg/d DHA) [Calzada 2010]. In the same time, plasmatic 4-HNE level (marker of
Omega 6 PUFA peroxidation) remained constant.
Altogether, our results draw out evidence for an antioxidant effect of doses of DHA inferior to
1 g/d and a rather pro-oxidant effect of doses of DHA over the gram per day.

You also work on the effect of DHA on atherothrombosis. Can you tell us more about this subject?
Indeed, it is widely believed that the oxidative modification of LDL is involved in the etiology of
atherogenesis but there is no consensus on the effects of long chain Omega 3 PUFAs on LDL
oxidation. Therefore, we investigated the effects of DHA on LDL oxidation and some blood cell
functions associated with the atherothrombotic process. We showed that the susceptibility of LDL
to in vitro oxidation was decreased in volunteers supplemented with either 200, 400 or 800 mg/d
DHA [Calzada 2010].
Regarding blood platelets, which play a critical role in thrombosis and in the initiation of
atherosclerosis [Massberg 2002], there is some evidence that Omega 3 PUFAs decrease platelet
reactivity, especially at high doses [Von Schacky 1985].
Our results clearly indicate that the supplementation of healthy volunteers with 400 and 800 mg/d
DHA resulted in a decrease in collagen-induced platelet aggregation compared to baseline, via the
signaling cascade of arachidonic acid (involving p38 MAPK and cytosolic phospholipase A2). In
addition, the formation of a potent pro-aggregatory product (thromboxane A2, measured as
thromboxane B2), significantly decreased after 400 mg/d DHA. Supplementation with 1600 mg/d
DHA had no effect on platelet functions nor on the signaling cascade of arachidonic acid [Guillot
2009].
Within our lab and in collaboration with a group in Paris, this topic of study has been completed
with further research about DHA and monocytes apoptosis. Indeed, some studies reported that the
apoptosis of macrophages promotes plaque destabilization in advanced atherosclerotic lesions
[Tabas 2004] but there was no study to date on the effect of DHA supplementation on monocyte
apoptosis.
We showed that human primary monocytes exposed to a pro-apoptotic stimulus (i.e. chemically
oxidized LDL) were less likely to initiate apoptosis when they were isolated from DHA
supplemented subjects than from non-supplemented ones. However, the protective effect was
inversely related to the dose of DHA in the range of 400 to 1600 mg [Mebarek 2009].
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In conclusion, our data support that the supplementation of healthy middle-aged men with doses
of DHA ranging from 200 to 800 mg/d DHA have various beneficial effects on LDL oxidation,
platelet activation and monocyte apoptosis that might be related to the antioxidant properties of
low doses of DHA. The mechanism of action remains to be established but an attractive hypothesis
can be drawn from our results.
We speculate that the antioxidant effect of DHA could be due to its concomitant peroxidation,
reflected by the production of 4-HHE. DHA may be a target for free radicals and may spare
endogenous vitamin E antioxidant at an early stage. Once oxidation reaches a threshold level, the
free radical chain reaction of lipid peroxidation might exceed the protection supplied by DHA.

Is there a more privileged target population when supplementing with Omega 3 PUFAs?
Supplementation with Omega 3 PUFAs is expected to be most beneficial in patients at high risk
for both cardiovascular diseases and oxidative stress [Davi 2005]. Indeed, interventional trials
showed that they were efficient in reducing cardiovascular events in dyslipidemic patients (JELIS
trial [Saito 2008]) and in diabetic patients (Alpha Omega trial [Kromhout 2010]). However, a very recent
study showed that supplementation with 900 mg/d omega PUFA did not reduce death from
cardiovascular causes in patients who had diabetes or were at high risk for diabetes [ORIGIN Trial
Investigators 2012].
In our CarMeN laboratory, a randomized, double-blind, placebo-controlled study in type 2 diabetic
patients is underway in order to determine the effects of a supplementation with 400 mg/d DHA
for two weeks on different parameters associated with atherothrombosis.

If we should keep the most important points in your work, what should they be?
Our results support that daily doses of DHA inferior to the gram (about half a gram) are beneficial
on several atherothrombotic risk factors in healthy subjects. Interestingly, such doses of DHA
exhibit antioxidant properties that might be related to the oxidation of DHA. However, our original
results need to be extended in large-scale and long-term dose-response randomized controlled
trials in the general population as well as in different patient groups. Although the susceptibility of
Omega 3 PUFAs to oxidation is scarcely taken into account in interventional studies, we believe
that it might be a critical issue.
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Design and outcomes of omega 3 PUFA supplementation studies conducted by Michel Lagarde’s
team.
Material /
population

Omega 3 PUFA

High DHA

In vitro Human Low DHA
platelets

Elderly
people

In vivo

Main outcomes

Ref

R Oxidative stress:
• R MDA
• T vitamin E
T MDA
R DHA in PE plasmalogens

DHA (150 mg/d) +
EPA (30 mg/d)
for 6 weeks

R platelet redox status:
• T MDA
• R vitamin E

DHA for 2 weeks

LDL Vit. E

LDL MDA

Plasma 4-HHE

[Lemaitre 1997]
[Vericel 2003]

[Vericel 1999]

Urinary F2-IP [Calzada 2010]

[Guillot 2009]

•
•
•
•

200 mg/d
400 mg/d
800 mg/d
1600 mg/d

Healthy
middleDHA for 2 weeks
aged
• 200 mg/d
men
• 400 mg/d
• 800 mg/d
• 1600mg/d
DHA for 2 weeks
•
•
•
•

200 mg/d
400 mg/d
800 mg/d
1600 mg/d

RR
R
R
V

T
T
T
V

V
V
RR
RR

TT
RR

[Guillot 2009]
In platelets :
T phosphorylation of p38 MAPK ; R Vit E
T thromboxane B2 ; T collagen-induced
platelet aggregation ;
No effect on platelets

Ex-vivo monocytes stimulation of
apoptosis with oxidised-LDL:

[Mebarek 2009]

V
TTT
TT
T

DHA: docosahexaenoic acid; EPA: eicosapentaenoic acid; MDA: malondialdehyde;
4-HHE: 4-hydroxy-hexenal; F2-IP: F2-isoprostane; PE: phosphatidylethanolamine
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RESEARCH OVERVIEW ON THE EFFICACY OF OMEGA-3
POLYUNSATURATED FATTY ACIDS IN CARDIOVASCULAR
PREVENTION
Omega 3 from fish and protective effects for health
There is accumulated evidence that increased consumption of fish or long chain Omega 3
polyunsaturated fatty acids (PUFAs) is associated with a protective effect against cardiovascular
diseases and coronary heart disease (CHD) mortality.
• Observational studies
The cardioprotective effects of Omega 3 PUFAs from fish were first brought to light in the seventies
in observational studies reporting a low CHD mortality rate in native Greenland Inuits consuming a
large amount of fish [Bang 1972]. An inverse relationship between intake of fresh fish and incidence of
CVD was also reported in the Japanese population of Kohama Island [Kagawa 1982]. This hypothesis
was confirmed in other epidemiological studies showing an inverse correlation between
consumption of fish oil rich in eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), and
death from coronary heart disease [Kromhout 1982] [Kromhout 1995].
• Secondary prevention trials
A meta-analysis of 13 cohort studies concluded that fish consumption is inversely associated with
CHD mortality rates [He 2004]. In particular, three large-scale randomized secondary prevention trials
demonstrated that a moderately increased consumption of Omega 3 PUFAs had significant health
benefits in patients with established CHD.
u The Diet and Reinfarction Trial (DART) including 2033 men recovering from acute
myocardial infarction showed that consumption of two portions of fatty fish (200-400 g
of fish providing 500 to 800 mg/d of Omega 3 PUFAs) per week reduced by 29% allcause mortality at 2-year follow-up [Burr 1989].
u The GISSI-Prevenzione Trial [Gruppo Italiano per lo Studio della Sapravvivenza nell’Infarto miocardico
1999] enroled 2836 patients who have had a myocardial infarction within the previous 3
months and Mediterranean dietary habits, and demonstrated that supplementation
with 850 mg/d EPA plus DHA (as ethyl esters) decreased the rate of death, non fatal
myocardial infarction and non fatal stroke over 3.5 years. In particular, there was a
20% decrease in all cause mortality, a 30% decrease in cardiovascular death and a 45%
decrease in sudden death in the supplemented Omega 3 PUFAs group compared with
the control group. No additional benefit was observed in patients receiving Omega 3
PUFAs plus 300 mg/d vitamin E.
u More recently, the Japan EPA Lipid Intervention Study (JELIS) showed that intake of
1.8 g/d EPA for a 5-year follow-up reduced the frequency of major coronary events by
19% and the risk of unstable angina by 24% in hypercholesterolemic patients receiving
statins [Yokoyama 2007]. In addition, a JELIS sub-analysis reported that EPA decreased the
incidence of coronary artery disease in dyslipidemic patients (having high triglyceride
and low HDL-cholesterol concentrations) undergoing a statin therapy but without
evidence of CHD [Oikawa 2009].
u In France, the first results of the “SUpplémentation en FOLates et OMéga-3”
(SU.FOL.OM3) trial did not show any effect of daily dietary supplementation with 600
mg EPA and DHA (ratio of 2:1) on major vascular events and all-cause mortality in
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patients who have had an acute coronary or cerebral ischaemic event within the previous 12 months [Galan 2010].

• Dietary recommendations
Dietary recommendations for fish and Omega 3 PUFAs for primary prevention of CHD have been
issued by numerous health and scientific organizations worldwide.
u The American Heart Association (AHA) advises the consumption of two servings of
fish per week, preferably fatty fish, and the use of vegetable oils rich in ALA [Kris-Etherton
2002]. Patients with documented CHD should be advised to increase their consumption
of Omega 3 PUFA to 1g/d EPA plus DHA from fatty fish or supplements.
u The International Society for the Study of Fatty Acids and Lipids (ISSFAL)
recommends for cardiovascular health in healthy adults a minimum intake of
500 mg/d EPA and DHA combined [ISSFAL 2004].
u The French Food Safety Agency (ANSES) has established a reference intake of
250 mg/d for DHA, and 250 mg/d for EPA by subtracting from the combined value of
500 mg/d for EPA plus DHA [AFSSA 2010].
u Many advisory boards consider ALA intakes greater than 1.5 g/d important for health
[Gebauer 2006].
To achieve these recommendations, different strategies exist such as fatty fish, fortified foods with
fish oils, meat and dairy products from linseed-fed animals, algae supplements or commercial
supplements. Although a food-based dietary approach is the best way to increase the intake of
Omega 3 PUFAs, supplements may be preferred for subjects who do not eat or like fish, have limited access to a variety of fish or for patients who should achieve regular high levels of Omega 3
PUFAs for CVD prevention.
• Multiple assets...
Although the beneficial effects of fish consumption are generally attributed to Omega 3 PUFAs,
consumption of whole fish is expected to be more beneficial for cardiovascular health than fish oils
or Omega 3 PUFAs supplements. Fish is indeed a source of other nutrients that may contribute to
the cardioprotective properties of fish consumption:
u Fish is an excellent source of amino acids including taurine, arginine and glutamine,
which regulate cardiovascular function [He 2006].
u Fish is a good source of vitamins D and B12, whom deficiencies are associated with
increased cardiovascular risk.
u Fish contains some trace elements such as selenium which may exert cardioprotective
effects via its antioxidant properties.
However, there is insufficient evidence to conclude on the synergistic effect of one or the other fish
nutrients and Omega 3 PUFAs.
• ... but some concerns
Besides, concern has been raised by the Environmental Protection Agency and the FDA about the
presence of toxic contaminants in some fish species [Kris-Etherton 2003]. Among them, significant levels
of methylmercury, polychlorinated biphenyls (PCB), dichlorodiphenyltrichloroethane (DDT) and
dioxins may accumulate in shark, swordfish, king mackerel and tilefish. Consumption of a variety of
fish is therefore recommended to minimize any adverse effects due to contaminants and achieve
desired cardiovascular health outcomes. It should be added that the method of preparation of fish
is also important; broiled or baked fish should be preferred to fried fish and fish sandwiches in
terms of lower risk of ischemic heart disease for example [Mozaffarian 2006].
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Alpha-linolenic acid and coronary heart disease
There is less compelling evidence for the role of alpha-linolenic acid (ALA) in CHD prevention
although a meta-analysis suggested that increased consumption of ALA might reduce the risk of
fatal CHD [Brouwer 2004]. The Lyon Diet Heart Study [De Lorgeril 1994] and the Indian Experiment of
Infarct Survival [Singh 1997] were the main randomized secondary prevention trials showing that ALA
supplementation may play an important role in reduction of CHD.
• The Lyon Diet Heart Study included patients who have had a myocardial infarction within
the previous six months and who were advised to follow a Mediterranean-style diet and
were provided with a canola oil-based margarine providing 1.15 g ALA/d. After a 2-year
follow-up, a 70% reduction of coronary events and cardiac death was observed in the
intervention group which was associated with a higher consumption of ALA and EPA.
Although ALA contributed to the cardiovascular benefits of this diet, they could also be
ascribed to a lower consumption of saturated fatty acids, a higher consumption of oleic
acid and to other nutrients than fatty acids, such as those provided by fruit and vegetables.
• The Indian Trial showed a reduction in total cardiac events (both non fatal infarction and
cardiac death) in patients with suspected myocardial infarction supplemented with
mustard oil (2.9 g/d ALA) for a year. Finally, larger randomized controlled trials are needed
to ascertain the cardioprotective effects of ALA without the confounding effects of other
dietary variables.

Omega 3 and cardiovascular health
Recently, the Alpha-Omega trial aimed at determining the effects of a low dose of combined EPA
and DHA or of ALA on the rate of major cardiovascular events in patients who have had a
myocardial infarction approximately 4 years before the start of the study [Kromhout 2010].
4837 free-living Dutch men and women, aged between 60 and 80 years, were assigned to receive a
margarine enriched with EPA and DHA (daily intake of 226 mg EPA and 150 mg DHA) or with ALA
(daily intake of 1.9 g ALA), or a placebo margarine for 40 months. Doses of EPA and DHA were in
the range of recommended daily allowance for Omega 3 PUFA. Neither EPA + DHA nor ALA had
significant effects on the rate of major cardiovascular events in these post-myocardial patients
receiving statins. The absence of significant cardioprotective effects could be due to extensive drug
treatment, namely antithrombotic antihypertensive and lipid-lowering medications taken by
almost all post-MI patients. However, beneficial effects arouse from post-hoc subgroup analyses. In
diabetic patients, there was a decrease by 50% of fatal coronary heart diseases in the EPA+DHA
groups and a reduction of arrhythmia-related events by 27% and 39% in EPA+DHA and ALA groups
respectively. For women supplemented with ALA, a nearly significant reduction of major
cardiovascular events by 27% was observed.
Very recent reports show some controversy on the use of omega-3 PUFA in secondary
cardiovascular prevention [Rizos 2012, Cao 2012, Kromhout 2012]. Because some negative results might be
due to studies in low risk patients, by the concomitant use of efficacious drug therapies or caused
by heterogeneous groups in terms of intake doses, more controlled studies are needed for definite
conclusions for secondary prevention. Anyhow, these recent publications do not address the
wealth of data from high quality epidemiologic studies in the general population, supporting that
intakes of fatty fish and its omega-3 fatty acids are beneficial for primary prevention of
cardiovascular problems.
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PRACTICAL CASES: LINOLEIC ACID AND ALPHA-LINOLENIC
ACID EFFECTS IN CARDIOVASCULAR PREVENTION
Hypercholesterolemia
° Diet is the basis for management of hypercholesterolemia [AFSSAPS 2005]:
n In primary prevention, 3-month diet adaptation before any drug prescription
n In secondary prevention, diet recommendations together with initiation of drug
therapy.
° Dietary recommendations [AFSSAPS 2005]:
n Limiting the intake of SFAs (mainly from animal fats) in favour of MUFAs or PUFAs
u Excess of 3 SFAs (lauric, myristic and palmitic acids, from animal fats and palm oil)
are involved in LDL-cholesterol and cardiovascular risk increase [AFSSA 2010]
u PUFAs substituted for a 5% lower energy intake (EI) from SFAs resulted in
13% reduction in coronary events, and 26% reduction in coronary deaths [Jakobsen 2009]
u Omega-3 and omega-6 PUFAs substituted for SFAs and TFAs resulted in a
22% decreased risk of myocardial infarction and CHD death [Ramsden 2010]
u An intake of 200-800 mg/day DHA may have protective and antioxidant effects on
LDL and could represent optimal doses for cardiovascular disease prevention in a
healthy population [Calzada 2010]
n Increasing the intake of omega 3 PUFAs (fish, rapeseed oil, margarines rich in omega 3)
n Increasing the consumption of fibres and micronutrients naturally found in fruits,
vegetables and grain products
n Limiting dietary cholesterol, possibly using plant sterols enriched foods
n Limiting alcohol intake, controlling overweight, avoiding a sedentary life.
Recommended nutritional intakes to prevent from cardiovascular diseases [AFSSA 2010]:
Total lipids)
35 to 40% of Energy intake (EI)
Linoleic acid
4% of EI
1% of EI
(ratio LA/ALA = 5)
Alpha-linolenic acid
DHA + EPA
500 mg/day
SFAs
≤12% of EI
(≤8% for C12:0, C14:0 and C16:0)
≤20% of EI
Oleic acid (MUFA)

Hypertriglyceridemia
° A cause and effect relationship has been established between the consumption of EPA and
DHA and the reduction of TG blood concentrations, and of blood pressure [EFSA 2009].
u Intakes of EPA + DHA (2-4 g/d) in adult subjects with hypertriglyceridemia results in
35% decrease of TG level [Harris 1997].
° A cause and effect relationship has not been established between the consumption of EPA
and DHA and the maintenance of normal HDL-cholesterol concentrations or the maintenance
of normal LDL-cholesterol concentrations [EFSA 2009]
u Fish oil consumption resulted in decreased triglycerides levels (-27 mg/dl), increased
levels of HDL-cholesterol +1.6 mg/dl HDL-cholesterol) and increased levels of
LDL-cholesterol (+6 mg/dl LDL-cholesterol) (meta-analysis of 21 trials) [Balk 2006].
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° Low-fat and high-carbohydrates diets participate in reducing HDL-cholesterol and increasing
TG [Roche 2000].

After a stroke
° In secondary prevention after a stroke event, hypolipidemic drugs must be associated with
dietary recommendations, and healthy lifestyle habits (exercise, no tobacco, no overweight),
in order to maintain a LDL-cholesterol level below 1 g/l [AFSSAPS 2005; HAS 2007].
° High omega 3 long-chain PUFA diets decrease platelet aggregation, but to a much lower
extent than aspirin treatment [AFSSA 2008].
u DHA supplementation (400 to 800 mg/day) significantly decreases platelet reactivity
[Guillot 2009].
° Reducing fat intake in favour of carbohydrates is harmful and increases stroke risk [Spence2006].

Obesity, diabetes, metabolic syndrome
° The storage of fat in the body is triggered by excessive caloric intake [Uauy 2009].
° Low-fat / fat-free and high-carbohydrates diets are not efficient to lose weight, and to
decrease incidence of diabetes [Uauy 2009].
° The total amount of energy, but not fat, in the diet is correlated with the risk of diseases such
as metabolic syndrome, diabetes, obesity, cardiovascular diseases and cancer [AFSSA 2010].
° It is crucial to adapt the energy intake to the metabolic needs:
n Increasing daily physical activities
n Reducing the overall caloric intake without sacrificing the part of lipids and essential
fatty acids
Recommended nutritional intakes
metabolic syndrome [AFSSA 2010]:
Total lipids)
Linoleic acid
Alpha-linolenic acid
DHA + EPA

to

prevent

from

obesity, diabetes and

30 to 40% of energy intake
2% of energy intake
0.8% (ratio LA/ALA = 2.5)
500 mg/day

Recommended intakes for Omega 6 vary widely between countries
Indeed, ANSES (France) is not the only authority to give intake recommendations on essential
fatty acids. Other European stakeholders recommend variable intakes in Omega 6:
n The German-Austrian-Swiss recommendations [[DGE 2006] [D-A-CH 2008] advise that omega 6 fatty
acids should contribute between 7 and 10% of total energy intake.
n The Nordic Nutrition Recommendations [NNR 2004] recommend an intake of PUFA
around 5 to 10% of total energy including 1% total energy of omega-3 PUFA.
n The Scientific Committee on Food (SCF) [SCF 1992] calculated a population reference intake of
2% of total energy for linoleic acid.
n The UK COMA [DoH 1991] recommends that dietary intake of total PUFA should not exceed 10%
of total energy.
n The Health Council of the Netherlands [GR 2001] has set an adequate intake for linoleic acid of
2% of total energy in adults.
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How to turn science and recommendations into reality?

How to reduce the amount of saturated fat?
• Favour fluid vegetable oils (rapeseed, linseed etc.) or margarines instead of butter or lard
(animal fat) for cooking
• Choose margarine instead of butter to spread on bread or preparing pastry
• Choose fatty fish instead of meat 2 times a week
• Be vigilant against manufactured products containing high amounts of refined palm oil,
coconut fat or partially hydrogenated vegetable fat.

How to increase intakes of 3 and thus improve the ratio of 6 / 3?
• Eat nuts? Yes, but they are difficult to integrate into food habits
• Eat green vegetables such as spinach or broccoli? Yes, but it takes large amounts to
achieve a significant daily level of ALA
• Focus on rapeseed oil, and rapeseed margarine or mayonnaise, with omega 6/omega 3 < 5
• Focus on meat and dairy products from linseed-fed animals [EFSA 2011; Legrand 2010].

Changes in the composition of fatty acids in margarines [Zevenbergen 2009]
Composition of Unilever’s margarines
SFA

TFA

MUFA

PUFA

Omega 3 Omega 6 Omega 6
/ omega 3
ratio

Vit E

Plant
sterols

Fruit d’Or Pro-activ
Tartine

7.7

<1

9.3

17.6

2.9

14.6

5

20

7,5

Cuisine

13.5

<1

24

24

3

21

7

16

7,5

Doux

14.5

<1

17.7

27.2

5

22.3

4.5

22

-

Léger

11.2

<1

11.8

26.7

3.5

23.1

6.6

-

-

24.6

<1

24.8

10.1

1.6

8.6

5.4

18

-

17

<1

23.4

17.7

4

13.7

3.5

18

-

Fruit d’Or

Planta Fin
Doux
Omega 3

SFA, TFA, MUFA and PUFA expressed in g/100g; vitamin E in mg/100g; plant sterols in g/100g
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KEY ROLE OF THE FOOD INDUSTRY, OF UNILEVER
(INCLUDING NUTRITION)
Why such a willingness to sponsor nutrition & health research?
Researchers are keys for improvement process in food industry.
Tracks explored can lead to major discoveries that could be beneficial for industry such as progress
in manufacturing process, adjustment of the product composition, changes in nutritional values,
etc.

Why focus on the topic of EFA?
Unilever organized a symposium in 2010 and the topic centered on EFA. It is one of the main
research axes within the group and that is why the INSA research team has been chosen among
other potential participants.
Moreover, in Unilever, EFA topic is really active as margarines manufactured by Unilever help
consumers to increase their daily intake in Omega-3.
Indeed, 1 serving of 10g of Fruit d’Or doux margarine provides 0.5 g of Omega-3.

What is the role of the Unilever Nutrition Network (UNN)?
Organised into six regions spanning the globe, the network focuses on growing Unilever’s business
by providing world-class nutrition and health innovation. We’re involved in the innovation process
all the way from idea generation through to product launch, while also helping existing products
maintain and strengthen their brand value.
Our core activities include:
- sharing knowledge and know-how with healthcare professionals, through symposium,
conferences, congresses;
- promoting specific nutrition claims as beneficial in the overall context of a healthy diet and
lifestyle;
- working with external experts and authorities to provide evidence for claims, driving the
nutritional enhancement of our products, and promoting a healthy diet and lifestyle;
- decoding information and guidelines.

Websites to visit:
www.heartagecalculator.com to know more about the “age” of your heart.
www.unilever-pro-nutrition-sante.fr: to find scientific information about Unilever products,
ingredients and nutrients. It will also enable you to download communication tools developed to
help you discuss about specific topics with your patients.
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