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Conflit d’intéréts

e Aucun



Objectifs

e Reconnaitre le réle potentiel et les difféerences entre les types d’Omeéga-3.
* Evaluer les mécanismes potentiellement cardioprotecteurs de ces molécules.

* Revoir les études principales des Oméga-3 en protection cardiovasculaire, avant

REDUCE-IT.



Omeéga-3

Plant n-3 PUFA

" 2

v d
v
®
.
v

QW
o-Qy
g \
T

Q
»=
)
v
="
o

~
3

Alpha-linolenic acid
ALA (18:3n-3)

Mozaffarian et Wu, 2011: 58: 2047-67

Seafood n-3 PUFA
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ALA et protection

Outcomes Number of Number of Number of Unit RR (95% Cl)
studies subjects events
CHD death (1) 5 PCs 155503 1573 High vs. low ¢ 0.79 0.60-1.04
intake (mean
difference of
1.2g/d)
Total CHD ('8) 5PCs 145497 NR High vs. low —— 1.06 0.92-1.20
quantile of
ALA intake
CvDevents!') 1 RCT 4837 671 ALA vs. ¢ | 0.91 0.78-1.05
(Alpha Placebo or
Omega Trial) EPA/DHA
alone
. . . : " . .
o 1~ [~ - - -
213}

Mozaffarian et Wu, 2011: 58: 2047-67



Synthese des acides gras essentiels

Acide linoléique (®-6)

le:Z

C18:3

C20:3 (GLA)
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Synthese des oméga-3 et oméga-6

Liver
Hepatocyte
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Domenichiello et al. Prog Lipid Research 59 (2015) 54-66



Sources de longues chalnes d'oméga-3 (mg/100g)

Anchois

Saumon sauvage 411
Truite 259
Homard 117
Crevettes 50
Oeufs 0
Poitrine de poulet 10
Boeuf 2
Porc 0

Traduction de Mozaffarian et Wu, 2012

368
235
6

5

7
10
4
10

1292
1429
677
78
52
58
20

1

2



Effets des oméga-3

Membrane fluidity
(raft, caveolae)
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Inflammasome TGF-B signaling

Endo et Arita, J. Cardiol. 67 22-7 2016



Effets antiarythmiques probables

* Augmentation du seuil de |a dépolarisation du potentiel membranaire

* EPA et DHA diminuent 'activité des canaux calciques, diminution des
ions calciques libres

* Stabilise I'excitabilité électrique (prévention d’arythmies fatales)
* EPA bloque le canal sodique S ———

<— Ca?* channels
open, K*
channels open

1 Lots of Ca?¥
channeils




Fréquence cardiaque
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Effets anti-inflammatoires

* U'EPA et le DHA diminuent I'expression des genes reliés a
I"inflammation par un mécanisme sensible a NF-kB ou via le récepteur

nucléaire PPARo/y

I|NFaB P TPGC-1a/+
o b
- <« K

« L6 TNF.cx. TGF-

Omega-J fatty acids
Actvate
/” - N
[ A > \
| P "‘“’-' | B phosphorylation
[ N\
| 4 K
|
|
|

s ——

/ ‘;rlr\hbnonolhe upmﬂ;f‘—l
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Calvo et al. 2017 DOI: 10.20517/2574-1209.2017.14
https://www.researchgate.net/publication/292981837 Potential Role of Omega-3 Fatty Acids on the Myogenic Program of Satellite Cells/figures?lo=1



Effets antiathérogéniques

EPA+DHA Consumption (g/day)

-80 1 &

Change in Plasma Triglycerides (mg/dL)

110 ¢

-130°

Mozaffarian et Wu, JACC 2011: 58: 2047-67



1- Diminution de I'expression SREBP-1c et des enzymes impliquées dans la synthese de cholestérol, acides gras et de triglycérides
2- Augmentation de la 3-oxydation des acides gras (diminution des substrats nécessaires pour les TG et les VLDL)

3- Inhibition des enzymes clés dans la synthése hépatique des triglycérides
4- Augmentation des lipases (élimination des TG des VLDL et chylomicrons circulants)

Less atherogenic
Faster clearance

ApoCill content.

Atherogenic
Slow clearance

https://lipidworld.biomedcentral.com/articles/10.1186/s12944-016-0286-4/figures/1 Backes et al. 2016



https://lipidworld.biomedcentral.com/articles/10.1186/s12944-016-0286-4/figures/1

Mécanismes potentiels

PMN

Intermedlate

1 Resolvins
Transcellular T Protectins

biosynthesis

Platelet
1 Inflammation
n-3 FA (6.0.GPR120ang  recolution
Na+ @ (e.g. cardiac Na* Toll like receptor 4)
° channels)

_Change membrane ﬂundny,
2 modify lipid raft and caveolae
\’*0 formation; ‘* *

Displace .~
Arachldonlc

@ { Natcurrent
4 Cytosolic Ca2+fluctuation
4 Myocyte excitability

4 AA derived eicosanoids
n-3FA  (eg.PGE2, LTBs) Signalling cascades
* n-3 FA derived (e.g. ERK1/2 kinases,
AA eicosanoids (e.g. LTBs, ¥
mono-epoxides) translocation)

Nuclear receptors
(6'91RPAR-0, '

HNF-4a’and RXR) FA
bound to
atty acid
binding

Mozaffarian et Wu, 2011: 58: 2047-67



Métabolites

Eicosanoids

Omega-3 family

pg = prostaglandin
pgi = prostacyclin

a-linolenic acid
18:3 w-3

A6 desaturase

| stearidonic acid |

tx = thromboxane
It = leukotriene

1 = less inflammatory
C— = more inflammatory

Omega-6 family

linoleic acid
18:2 w-6

| y-linolenic acid |

TxA; (faible activation plaquettaire)
LTBs (10-30X moins puissant)
PGl; (vasodilatation)

pgasc

TxA,(activation plaquettaire)
LTB, (activation des neutrophiles)
PGl, (vasodilatation)

A5 desaturase

pgd ; pge ; pgfs,

pgd, pge , pgfa,

arachidonic acid

ma
AA 204 w-6

eicosapentaenoic acid o) pgi, txa, pgi, txa, lta, ltb,
EPA 20:5 W3 [T lta, ltb, ltc, ltd Itc, Itd, lte,
Sprecher's ?#» ————— CIOIIEASC
Shunt

docosapentaenoic acid
DPA 22:5 w-3

b

A4 desaturase

A

docosatetraenoic acid
22:4 w-6

W

docosahexaenoic acid
DHA 22:6 w-3

A/J-Ring Neuroprostane
17S Resolvins
blocks prostanoids

docosapentaenoic acid
22:5 w-6

https://upload.wikimedia.org/wikipedia/com




Effets physiologiques des omega-3

J. Triglyceride
: production

m
.l Heart rate
4 Arrhythmia

E TPossible small T Myocardial efficiency (e.g.
effects on glucose reduce oxygen consumption
release or

at given work output)
T Left ventricular diastolic
filling
T Autonomic function/vagal
tone

gluconeogenesis

Normal Human
Artery

2

&

.L Blood pressure ¢ Thrombosis

1 Systemic vascular
resistance

T Vasodilatory response

T Arterial wall compliance

4 Endothelial dysfunction

EJ, Production of arachidonic

acid derived eicosanoids

T Production of n-3 derived
metabolites

. Effect appears linear within ranges of typical dietary intake (<750mg/d), with smaller
additional effects at higher levels

Effect appears linear across a wide range of intakes (at least up to 7g/d)

Effect only appears potentially relevant at higher supplemental intakes (> 4g/d)
B Dose response relationship not established

Mozaffarian et Wu, 2011: 58: 2047-67



Effets des oméga-3 sur certains marqueurs

CRP — e——  ADHA
- e — S
ek —— —
A ree———
16 — —

25 20 15 10 5 0 5 10 15

Change vs. control, %

https://www.acefitness.org/education-and-resources/professional/prosource/september-2016/6042/fish-oil-showdown-anti-inflammatory-effects-of-epa-vs-dha/



D’autres métabolites des oméga-3/6

Omega-6 PUFA

= — COOH
CH,4

Arachidonic acid (AA)

Asplrm
3 Serine Cysteine
Aoetylatlon S-Nltrosylatlon

15R-H(p)ETE

I
15R-LXA,

15R-LXB,
15-epi-lipoxins

Norling and Perretti, 2013: Curr Opin Pharmacol

Omega-3 PUFA

= — = = COOH
il e
— — “CH, — — — CH;

Docosahexaenoic acid (DHA) Eicosapentaenoic acid (EPA)

Statins

COX-2 = cox-2
Serine " Serine
Acetylation Acetylation

17R-H(p)DHA Aspirin
16R,17 R-epoxide | 18S-H(p)EPE  18R-H(p)EPE
intermediate Y \
AT-PD1 - .E

Aspirin triggered protectins

AT-RvD1

AT-RvD2 / \
AT-RvD3

AT-RvD4 18S-RVE1 RVE1
AT-RvD5

AT-RvD6

Aspirin triggered resolvins



Effets cardiovasculaires des résolvines

Cardiovascular
discase
Neutrophil apoptosis
1‘ Clearance by macrophages
l Upregulating decoy receptors
= : 1 Resolution
D and E-series o Inflammation
Resobvins | > m
_ [ CRP
{ Inflammation I -6
‘1‘ J IL-8
TNFa
IL-1B
| NFxB

Capo et al. 2018 Eur J Pharmacol.



Résolvines et infarctus du myocarde
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Gilbert et al. (2015) 66:72-79
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MW Véhicule

m RvD1 0,01 ug

m RvD10,1 ug
RvD1 0,3 ug



Qu’en est-il des etudes cliniques?



Résultats des meta-analyses

Does Fish Oil Lower Blood Pressure?
A Meta-Analysis of Controlled Trials

Martha Clare Morris, ScD; Frank Sacks, MD; Bernard Rosner, PhD
Circulation 1993; 88, 523-533



Résultats

-8

-84

-9

n~-3 FATTY ACID DOGE (i)
n~-3 FATTY ACID DOSE (g/)

31 études (1356 sujets)

Réduction moyenne de -3.0/-1.5 mm Hg

Conclusion: Il y a un effet dose-réponse de I'huile de poisson sur la pression artérielle.

L'effet hypotenseur est plus évident chez les sujets hypertendus et ceux avec maladie athérosclérotique
ou avec hypercholestérolémie.



N-3 Polyunsaturated Fatty Acids in Coronary
Heart Disease: A Meta-analysis of Randomized
Controlled Trials

Heiner C. Bucher, MD, MPH, Peter Hengstler, MD, Christian Schindler, PhD,
Gabriela Meier, MD

Am J Med. 2002 Mar;112(4):298-304.

Etudier les effets de I'alimentation et apport non alimentaire (supplément) d’acides gras
-3 polyinsaturés sur les maladies coronariennes

7951 patients avec maladie coronarienne et 7855 témoins (49 a 66 ans)

11 études (2 interventions nutritionnelles; 9 suppléments (EPA: 0.3g a 6.0g; DHA 0.6 a 3.7Q))
Au moins 6 mois de suivi



Favors n-3 polyunsaturated Favors control
fatty acids

Nonfatal MI*
Fatal MI
Sudden death

Overall mortality

Dietary

interventions

Nonfatal M| -

Fatal MI -

Sudden death

Overall mortality R —
Nondietary
interventions
Nonfatal M| -
Fatal Ml S
Sudden death ——
Overall mortality —
3 4 5 6 7 8 91 2 3 4
Risk Ratio

, Reis, Kaul, Leaf, de Lorgeril, Sacks, Singh, Leng, Johansen, , von Schacky



Conclusion

* Cette méta-analyse suggere que l'apport alimentaire et non

d

g
C

imentaire d'acides gras polyinsaturés ®-3 réduit la mortalité
obale, la mortalité due a l'infarctus du myocarde et la mort subite

nez les patients atteints de maladie coronarienne.



Effect of Fish Oil on Heart Rate in Humans

A Meta-Analysis of Randomized Controlled Trials
Dariush Mozaffarian, MD, MPH: Anouk Geelen, PhD; Ingeborg A. Brouwer, PhD;
Johanna M. Geleijnse, PhD; Peter L. Zock, PhD; Martijn B. Katan, PhD

Circulation (2005) 112: 1945-52

Déterminer les effets de la consommation d’huile de poisson sur la fréquence cardiaque

30 études

1678 individus (23 a 68 ans)

Dose médiane (EPA + DHA 3.5/jour)
Temps de suivi médian : 8 semaines



Study
Bairat 1992

Chastensen 1999
Chastensen 1999 group 2)
Chastensen 1998

Chastensen 1996

Conquer 1999 —
Deslypere 1992

Deshypere 1992 group 2)

Deslypere 1992 group 3) ~
Dyeterg 2004

Geelen 2005

Geelen 2003

Gray 1996

Grimsgaard 1998
Grimsgaard 1998 group 2)

Landmark 1993 -
Leaf 1994
Levinson 1990

McVeigh 1994

Mehta 1988 —

Mills 1990
Mills 1989
Miyajima 2001
Monahan 2004
Mori 1999

Mori 1999 group?)
Nestel 2002
Nestel 2002 (group2)
O'Keefe 2005

Solomon 1990 -

Change in HR Due
to Fish Oil (95% Cl)

630(991-269)
-180(4.75,1.15)
200(488,088)
610(-16.10,390)
-130(540,280)
060(-1056,9.36)
500(887-013)
300(-1.70,7.70)
600(-10.74-126)
030(314,254)
210(390-0.30)
060(-184,304)
200(394,794)
240(411-069)
170(008,332)
4100(-1132,932)
060(-123,243)
500(-1094,094)
-100(9894,794)
600(-1434,234)

700(253,1147)
-100(889,689)
030(342,282)
= 400(384,1184)

Stak 2004

Tok 1995

Vacek 1989

Vandongen 1983
Vandongen 1993 group2)
Wing 1990

120(-1.34,374)
430(702-158)
100(426,626)
000¢501,501)
$500(829-171)
560(-1832,712)
370(6535-205)
1.19(297,535)
000¢800,800)
$20(880-160)
£00(894-306)
020(247,287)
400(833,033)
220(693,153)
155(251-059)

Change in HR Due to Fish Oil

HR Reduction HR Increase

I

10

% Weight

30
35
35
08
27
08
22
23
23
36
44
39
17
45
45
07
44
17
08
11
24
12
34
12
38
37
20
22
32
05
45
26
11
30
35
37
25
29

1000



Conclusion

* Dans les essais randomisés controlés chez I'homme, I'huile de poisson
réduit la frequence cardiaque, en particulier chez ceux dont la valeur
de fréquence de base est plus élevée ou que la durée du traitement
est plus longue



RESEARCH ARTICLE Open Access

Omega-3 fatty acids in high-risk cardiovascular
patients: a meta-analysis of randomized controlled
trials

Kristian B Filiont'.2, Fouad El Khouryt3, Michael Bielinski'3, lan Schiller!, Nandini Dendukuri’-23 and
James M Brophy*1.23

BMC Cardiovascular disorders 2010, 10:24

29 études randomisées controlées
35 144 sujets (risque CV élevé)
Primaire: Mortalité de toute cause
Secondaire: resténose coronarienne



Mortalité avec suivi de < 12 mois

Events (n/N) (risk)

Author ?:“Il::';:; Intervention Contral
Borchgrevink(1966) 10 10/100 (0.1) 14/100 (0.14) e e ST
Dehmer(1988) 9 0/46 (0) 0/44 (0) et e >
Grigg(1989) 3.3 2/52 (0.04) 0/56 (0) e e, »
Nye(1990) 11 0/36 (0) /37 (0) oS ne e n R ani e e o S e s e e e e o s i e >
Bairoti(1992) 6 0/107 (0) 0/98 (0) e b = e
Franzen(1993) ° 1/103 (0.01) 2/101 (0.02) emevemscecenesacemenaee e e e >
Leaf(1994) 6 0/275 (0) 2/276 (0.01) O s e S B B e e S N i 6 i T o R R o S
Caims(1996) 4.2 3/325 (0.01) 1/328 (0) e D emmmmemmn =
Eritsland(1996) 12 8/317 (0.03) 6/203(002) @ messsssssssssesssssssshasesess L bttt Lot
Rossing(1996) 12 0/18 (0) 0/18 (0) =  <eesesccsccccsccccccsscsccsssscccssccscscscees D e L L Lt >
Johansen(1999) 6 1/250 (0) 3/250 (0.01) femmmmmmmnen e R
Durringlon(2001) & 0/30 (0) 1/29 (0.03)  Gremememeneee- e T s
Maresta(2002) 3 1/169 (0.01) oy o I (+) T e Gmmmmmmnnns >
Cald(2005) 1 1/79 (0.01) 2/81 (0.02) Crmmmm e D R
Leaf(2005) 12 13/200 (0.06) 12/202 (0.06)  eeeemeeeeeeeeeeeeeed 8 mmm e
Brouwer(2006) 12 8/273 (0.03) 14/273 (0.05)  seeesesesesssssssssssiii Qs fen e
OMEGA-Trial(2009) 12 88/1919 (0.05)  70/1885 (0.04) afeeees Qemmannae
Ovearall 136/4281 127 /4223 0.72 (0.38, 1.08)

1.0 1.5 2.0 3.0
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Author
Dehmer(19588)
Criga(1982)
Milner(1983)
Reis(1983)
Bairati{1992)
Bellamy(1992)
Koul(1992)
Franzen(1993)
Leof(1994)
Sacks{19995)

Caims(1996)

Johansen{1999)

von Schacky(1999)

Maraata(2002)

Qverall

Resténose

Evants (n/N)
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Conclusion

* Bien qu'ils n'atteignent pas la signification statistique conventionnelle,
les preuves a ce jour suggerent que les acides gras oméga-3
entrainent une légere réduction de la mortalité et de la resténose.



A Meta-Analysis Shows That Docosahexaenoic
Acid from Algal Oil Reduces Serum
Triglycerides and Increases HDL-Cholesterol
and LDL-Cholesterol in Persons without
Coronary Heart Disease’™>

Adam M. Bernstein,*’* Eric L. Ding,>® Walter C. Willett,”” and Eric B. Rimm’

J. Nutr. 142: 99-104, 2012

Examiner la relation entre la supplémentation DHA provenant d'algues
et les facteurs de risque de maladies cardiovasculaires.

11 études randomisées contrdlées
485 participants (24-59 ans) sans maladie coronarienne
DHA (médiane= 1.68g/jour)



Reference

18
19
22
23
26
28
29
33
34
35
36
Overall

<>l|{| I}‘*;}

Effect
Estimate (95% Cl)

-0.27 (-0.71, 0.17)
-0.09 (-0.21, 0.03)
-0.27 (-0.42, -0.12)
-0.45 (-0.86, -0.04)
-0.18 (-0.39, 0.03)
-0.32 (-0.58, -0.06)
-0.68 (-1.38, 0.01)
-0.31 (-0.62, -0.00)
-0.25 (-0.48, -0.02)
-0.29 (-0.64, 0.06)
-0.10 (-0.35, 0.15)
-0.20 (-0.27, -0.14)

Reference

18
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Overall
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&

Effect
Estimate (95% CI)

-0.32 (-1.02, 0.38)
0.27 (0.13, 0.41)
0.17 (-0.60, 0.94)
0.49 (0.00, 0.98)
0.23 (0.07, 0.39)
0.34 (0.14, 0.54)
0.56 (0.07, 1.05)
0.00 (-0.75, 0.75)
0.28 (0.10, 0.46)
-0.18 (-0.44, 0.08)
0.18 (-0.02, 0.38)
0.23 (0.16, 0.30)
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Reference

18
19
22
23
26
28
29
33
34
35
36
Overall

Effect
Estimate (95% CI)

0.10 (-0.32, 0.52)
0.14 (0.06, 0.22)
0.08 (0.01, 0.15)
0.05 (-0.08, 0.18)
0.07 (-0.01, 0.15)
0.04 (-0.01, 0.09)

g 0.00 (-0.07, 0.08)

0.32 (0.08, 0.56)
0.13 (0.05, 0.21)
0.03 (-0.08, 0.14)
0.10 (0.01, 0.19)
0.07 (0.05, 0.10)

0.5 -0.25 0 0.25 05

HDL-C sérique (mmol/L)



Conclusion

* Une supplémentation en DHA a partir d'algues, une source marine
d'acides gras (®-3) non extraite du poisson, peut réduire la TG sérique
et augmenter le HDL-C et le LDL-C chez les personnes sans maladie
coronarienne.



Omega 3 Fatty Acids and Cardiovascular Outcomes
Systematic Review and Meta-Analysis

Sradha Kotwal, BHB, MBChB, FRACP; Min Jun, BSc (Hons). MSc: David Sullivan, MBBS. FRACP, FRCPA;
Vlado Perkovic, MBBS, PhD, FRACP; Bruce Neal, MBChB, PhD. FRACP

(Circ Cardiovasc Qual Outcomes. 2012;5:808-818.)

Effets des oméga-3 sur les résultats cardiovasculaires

20 études

> 60 000 sujets

> 6000 Evénements cardiovasculaires majeurs
Suivi de 6 mois a 6 ans

Age médian: 61 ans

EPA/DHA suppl : 464 — 1860 mg / 355 — 1500 mg
Diete: 250 — 2000 mg/d



Risk Ratio Events/Patients
Study Favours treatment  Favours placebo (95% Cl) Treatment Control
DART (1989)@ ——1 0.85 (0.69, 1.07) 127/1015 149/1018
GISSI Prevenzione(1999)1% —— 0.81(0.70, 0.95) 262/2836 322/2828
SCIMO(1999) 31 € 0.29(0.06, 1.36) 2/111 7/112
Nilsen et al (2001) 1% i 1.17(0.80, 1.71) 42/150 36/150
OPACH(2006) 2% —h— 1.05(0.84, 1.32) 62/103 59/103
JELIS(2007) (% - 0.81(0.69, 0.95) 262/9326 324/9319
GISSI-HF(2008) 122 - 0.97(0.92, 1.01) 1635/3494 1687/3481
SU.FL.OM3(2010) 2% — 1.06 (0.78, 1.44) 81/1253 76/1248
Alpha omega(2010)® - 1.02 (0.88, 1.17) 336/2404 335/2433
Omega(2010) 19 — - 1.19(0.97, 1.46) 182/1752 149/1701
DOIT(2010) *® - 0.89(0.57, 1.38) 32/282 36/281
ORIGIN(2012) (*&) 1.01(0.94, 1.10) 1034/6281 1017/6255
Overall (I-squared = 47.2%, p = 0.035) : 0.96 (0.90, 1.03) 4057/29007 4197/28929
NOTE: Weights are from random effects analysis ; :

25

5

Risk Ratio (95% ClI)

+ 2. Effect of -3 fatty acids on composite cardiovascular outcomes. Cl indicates confidence interval.



Outcome

Studies included

Favours treatment Favours placebo

Relative Risk (95% Cl)

Cardiovascular outcomes
All cause mortality
Vascular death

All coronary events

All cerebrovascular events
Haemorrhagic stroke

Ischemic stroke

Revascularization

Sudden death

Non vascular mortality
Arrythmia

Heart failure admissions

2,3,9,10, 16, 18, 19, 21-23, 30, 31

2,3,10, 16-19, 21-30

2,3,9,16-19, 22, 24-27, 30

2,16, 19, 21-25, 27, 31

3,16, 19, 21-23, 31

19,22,31

19, 22,31

10, 16, 19, 21, 23, 25, 30, 31

3,10, 16,17, 19, 22, 24, 25

3,18,20, 22,24

9,10, 25, 27, 28

16, 22,25

0.96 (0.90-1.03); p=0.241
12=47.2%, p for hetero=0.04

0.95 (0.86, 1.04); p= 0.279
12252%, p for hetero=0.007

0.86 (0.75-0.99); p=0.03
12=60.6%, p for hetero=0.00

0.86 (0.67-1.11); p=0.236

12=60.7%%, p for hetero=0.007

1.03 (0.92-1.16); p=0.59
12=9.3%, p for hetero=0.36

1.28 (0.88-1.85); p=0.20
17=0.0%, p for hetero=0.90

1.04 (0.76-1.41); p=0.81
12=44.3%, p for hetero=0.20

0.95 (0.89-1.00); p=0.07
1=0.0%, p for hetero=0.93

1.00(0.75-1.33); p=0.99
12=77%, p for hetero=0.000

0.97 (0.84-1.11); p=0.65
12=0.0%, p for hetero=0.77

0.98 (0.82-1.18); p=0.840
12=53.4%, p for hetero=0,07

0.99 (0.93-1.06); p=0.78
12=0.0%, p for hetero=0.76

0.25

I
0.5

1

Figure 3. Effect of -3 fatty acids on all outcomes. Cl indicates confidence interval.

|
2



Conclusion

* Les acides gras oméga-3 peuvent protéger contre les maladies
vasculaires, mais les preuves ne sont pas claires, et les avantages ne
sont presque certainement pas aussi importants qu'on le croyait
auparavant.



a-Linolenic acid and risk of cardiovascular disease: a systematic
review and meta-analysis'™

An Pan, Mu Chen, Rajiv Chowdhury, Jason HY Wu, Qi Sun, Hannia Campos, Dariush Mozaffarian, and Frank B Hu

Am J Clin Nutr 2012;96:1262-73

Nous avons mené une méta-analyse pour résumer les preuves concernant la
relation entre les risques ALA et CVD.

27 études
251 049 sujets et 15 327 événements CV
ALA: évaluer par la diete ou comme biomarqueur dans le sang ou le tissu adipeux



Reference Outcome RR (95% CI) % Weight
A Dietary ALA intake as the exposure
Dolecek 1992 (13) Fatal CHD 0.71(0.48, 1.03) 3.48
Ascherio 1996 (14) Total MI 0.84 (0.69, 1.02) 482
Pietinen1997 (15) Total MI 0.97 (0.85, 1.11) 522
Hu 1999 (16) Fatal IHD 0.63 (0.41,0.95) 321
Oomen 2001 (17) Total CAD 1.68 (0.86, 3.29) 1.91
He 2002 (18) Stroke 0.98 (0.74, 1.29) 424
Albert 2005 (19) Nonfatal MI 1.07 (0.94, 1.22) 523
Laaksonen 2005 (37) Fatal CVD 0.63(0.33, 1.21) 1.99
Lopes 2007 (38) Nonfatal MI 0.66 (0.42, 1.04) 299
Campos 2008 (39) Nonfatal MI —- 0.74 (0.58, 0.93) 458
de Goede 2011 (20, CHD) Total CHD 1.01(0.73, 1.40) 3.84
de Goede 2011 (20, stroke) Stroke 0.71 (0.50, 1.03) 3.57
Vedtofte 2011 (21, M) Total IHD 0.83 (0.56, 1.24) 3.32
Vedtofte 2011 (21, F) Total IHD 1.04 (0.58, 1.86) 229
Larsson 2012 (22) Stroke 1.07 (0.92, 1.25) 5.09
Subtotal (I-squared = 49.0%, p =0.017) O 0.90 (0.81, 0.99) 55.78
B  ALA biomarker level as the exposure
Simon 1995 (23) Total CHD - 0.72(0.37, 1.41) 1.91
Simon 1995 (24) Stroke —_— 0.49 (0.24, 1.00) 1.75
Tormwall 1996 (25) Nonfatal MI —. 1.05(0.66, 1.67) 292
Gullar 1999 (26) Nonfatal M| —_—— 0.76 (0.41, 1.40) 214
Pedersen 2000 (27) Nonfatal MI 1.84 (0.45,7.41) 0.60
Erkkila 2003 (28) Total CVD —— Y — 0.81(0.34, 1.93) 1.33
Kark 2003 (29) Nonfatal M| —q— 0.93 (0.53, 1.63) 239
Lemaitre 2003 (30, fatal MI) Fatal MI 0.24 (0.05, 1.23) 0.45
Lemaitre 2003 (30, nonfatal MI) Nonfatal MI 1.09 (0.56, 2.12) 1.94
Wang 2003 (31) Total CHD 0.92 (0.61, 1.40) 322
Laaksonen 2005 (37) Fatal CVD 1.19 (0.63, 2.26) 203
Wiberg 2006 (32) Stroke 1.04 (0.84, 1.31) 463
Lopes 2007 (38) Nonfatal MI 0.33 (0.09, 1.26) 0.65
Campos 2008 (39) Nonfatal MI —-— 0.57 (0.43,0.77) 408
Warensjo 2008 (33) Fatal CVD 1.23(1.00, 1.52) 474
Lemaitre 2009 (34) SCA —_— 1.83(1.16, 2.90) 294
Shearer 2009 (35) ACS — 0.08 (0.04,0.17) 1.83
Khaw 2012 (36) Total CHD 0.96 (0.77, 1.19) 467
Subtotal (I-squared = 79.8%, p = 0.000) 0.80 (0.63, 1.03) 4422
Overall (I-squared = 71.3%, p = 0.000) 0.86 (0.77,0.97) 100.00
| | | I
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Fatal CHD
Dolecek 1992 (13) CHD Death  Cohort . 0.71 (0.48, 1.03) 21.29
Ascherio 1996 (14) Fatal M| Cohort —a— 1.02(0.73, 1.44) 24.98
Pietinen1997 (15) Fatal M| Cohort —_—La 0.80 (0.55, 1.15) 22.33
Hu 1999 (16) Fatal IHD Cohort — 0.63(0.41,0.95) 18.33
Oomen 2001 (17) Fatal CAD Cohort - 1.59 (0.62,4.08) 4.40
Laaksonen 2005 (37) CVD death  Cohort - 0.63(0.33, 1.21) 866
Subtotal (I-squared = 20.7%, p = 0.278) <> 0.80 (0.65, 0.98) 100.00
Nonfatal CHD
Albert 2005 (19) Nonfatal Ml Cohort - 1.07 (0.94, 1.22) 40.92
Lopes 2007 (38) Nonfatal MI  Case-control B e o 0.66 (0.42, 1.04) 23.31
Campos 2008 (39) Nonfatal Ml  Case-control —a— 0.74 (0.58,0.93) 35.77
Subtotal (I-squared = 80.6%, p = 0.006) <P 0.84 (0.61, 1.15)  100.00
Total CHD
Ascherio 1996 (14) Total Ml Cohort -8 0.84 (0.69, 1.02) 2524
Pietinen1997 (15) Total M| Cohort -.- 0.97 (0.85, 1.11) 54.57
Oomen 2001 (17) Total CAD Cohort 1.68 (0.86, 3.29) 2.17
de Goede 2011 (20) Total CHD Cohort —_— 1.01(0.73, 1.40) 9.06
Vedtofte 2011 (21, M)  Total IHD Cohort o —— 0.83 (0.56, 1.24) 6.07
Vedtofte 2011 (21, F)  Total IHD Cohort ™ 1.04 (0.58, 1.86) 290
Subtotal (l-squared = 0.0%, p = 0.421) < 0.94 (0.85, 1.04)  100.00
Stroke
He 2002 (18) Stroke Cohort — 098 (0.74, 1.29) 30.43
de Goede 2011 (20) Stroke Cohort T 0.71(0.50, 1.03) 21.44
Larsson 2012 (22) Stroke Cohort 1.07 (0.92, 1.25) 48.13
Subtotal (I-squared = 49.7%, p = 0.137) 0.96 (0.78, 1.17) 100.00
| | | I
05 1 2 5



Conclusion

* Dans les études observationnelles, une exposition plus élevée a I'ALA
est associée a un risque modérément plus faible de MCV



Association Between Omega-3 Fatty Acid
Supplementation and Risk of Major

Cardiovascular Disease Events
A Systematic Review and Meta-analysis

Evangelos C. Rizos, MD, PhD

Context Considerable controversy exists regarding the association of omega-3 poly-

Evangelia E. Ntzani, MD, PhD unsaturated fatty acids (PUFAs) and major cardiovascular end points.

Eftychia Bika, MD Objective To assess the role of omega-3 supplementation on major cardiovascular
Michael S. Kostapanos, MD outcomes.

Moses S. Elisaf. MD. PhD. FASA Data Sources MEDLINE, EMBASE, and the Cochrane Central Register of Con-
FRSH o T trolled Trials through August 2012.

Studv Selection Randomized clinical trials evaluating the effect of omega-3 on all-

JAMA, September 12,2012 — Vol 308, No. 10



e Objectif: Vérifier le role d’'une supplémentation en acides gras oméga-
3 sur les événements cardiovasculaires

e 20 études
* > 68 000 patients
e > 7000 déces



Figure 3. Efficacy of Omega-3 Polyunsaturated Fatty Acid Supplements Across Different Outcomes

No. Favors : Favors

I | Omega-3 : Control
Studies Events Participants RR (95% CI) PUFAs :
Outcome

All-cause mortality 17 6295 63279 0.96 (0.91-1.02) .

Cardiac death 13 3480 56407 0.91 (0.85-0.98) ——
Sudden death 7 1030 41751 0.87 (0.75-1.01) B
Myocardial infarction 13 1755 53875 0.89 (0.76-1.04) L

Stroke 9 1490 52589 1.05 (0.93-1.18) —l—

016 O.I8 110 1|.2 1i4

Relative Risk (95% Cl)




Conclusion

* Pas d’effet significatif d’'une supplémentation en acides gras omeéga-3
sur la mortalité cardiovasculaire, I'infarctus du myocarde et les AVC.



-
Figure 5. Cumulative Meta-analysis of the Omega-3 Supplements for All-Cause Mortality

Favors : Favors

Cumulative Omega-3 : Control

Sample Size RR (95% ClI) PUFAs
Sacks et al,%” 1995 59 0.30 (0.01-7.13) == >
Leng et al,26 1998 179 0.79 (0.20-3.20) = B >
Marchioli et al,’ 1999 11503 0.86 (0.77-0.97) —a—
von Schacky et al,25 1999 11726 0.86 (0.77-0.97) —u—
Nilsen et al,24 2001 12326 0.87 (0.77-0.97) ——
Leaf et al,34 2005 12728 0.87 (0.78-0.98) —u—
Raitt et al,33 2005 12928 0.86 (0.77-0.97) ——
Brouwer et al,3> 2006 13474 0.86 (0.77-0.96) —a—
Svensson et al,32 2006 13680 0.87 (0.78-0.97)  —
Yokoyama et al,3 2007 32325 0.94 (0.84-1.06) —I——
Tavazzi et al,2 2008 39300 0.94 (0.88-0.99) —l—
Garbagnati et al,®® 2009 39338 0.94 (0.87-1.00) —l—
Kromhout et al,* 2010 44175 0.94 (0.89-1.00) -
Einvik et al,%” 2010 44738 0.94 (0.88-1.01) —I—
Rauch et al,%6 2010 48542 0.96 (0.88-1.04) —I—
Galan et al,2° 2010 50743 0.96 (0.89-1.03) —l—
ORIGIN,% 2012 63279 0.96 (0.91-1.02) +

I T T T T | T
0.5 1.0 2.0
Relative Risk (95% ClI)

Error bars indicate the 95% CI of the cumulative meta-analysis estimates as randomized patients accumulate
through time. PUFAs indicates polyunsaturated fatty acids; RR, relative risk.




Marine Omega-3 Supplementation and Cardiovascular Disease: An
Updated Meta-Analysis of 13 Randomized Controlled Trials Involving

127 477 Participants

Yang Hu, ScD; Frank B. Hu, MD, PhD; JoAnn E. Manson, MD, DrPH

J Am Heart Assoc. 2019:8:e013543.

Déterminer si des suppléments d’'oméga-3 marins ou a longue chaine ont des effets
bénéfiques sur les maladies cardiovasculaires.



Sample Mean Marine Omega-3 Mean Follow-up BMI, Diabetes Mellitus, Cholesterol-Lowering
GISSI-P™® 1999 | 11334 | 594 | 866 35 9658 (85.2) 26.5 | 2139 (18.9 NA
JELIS" 2007 | 18645 | 61.0 | 1800 46 5859 (31.4) 240 | 3040 (16.3) 18 645 (100.0)
GISSI-HF?? 2008 | 6975 670 | 866 3.9* 5459 (78.3) 27.0 | 1974 (28.3) NA
DOIT™ 2010 | 563 700 | 1320 3.0 563 (100) NA 46 (8.2) NA
SU.FOL.OM3'™ | 2010 | 2501 61.0* | 600 4.2 1987 (79.4) 27.2 | 440 (17.9) 2079 (83.1)
Alpha Omega'* | 2010 | 4837 69.0 | 376 3.4* 3783 (78.2) 278 | 1014 (21.0) 4122 (85.2)
OMEGA'® 2010 | 3818 64.0* | 850 1.0 2841 (74.4) 27.5 | 948 (27.0) 3566 (94.2)
ORIGIN'® 2012 | 1253 | 635 | 840 6.2* 8150 (65.0) 298 | 11081(884) | 6739 (53.8)
R&P 2013 | 12505 | 640 | 866 5.0 7687 (61.5) 20.4 | 7494 (59.9) 12 505 (100.0)
AREDS-2?' 2014 | 4203 740 | 1000 48* 1816 (43.2) NA 546 (13.0) 1866 (44.4)
VITAL'® 2018 | 25871 | 67.1 | 840 5.3* 12 786 (49.4) | 28.1 | 3549 (13.7) 9524 (37.5)
ASCEND® 2018 | 15480 | 633 | 840 74 9684 (62.6) 30.8 | 14 569 (94.1) 11 653 (75.3)
REDUCE-IT" 2018 | 8179 64.0* | 4000 49" 5822 (71.2) 30.8 | 3389 (41.4) 8145 (100)"
Total NA 127 477 | 643 | NA 5.0 76 095 (59.7) | 28.0 | 50 229 (39.4) | 78,844 (72.6)

BMI indicates body mass index; CVDs, cardiovascular diseases; NA, not applicable; RCTs, randomized controlled trials.

*Data are median values.
"Thirty-four participants with missing data.




Myocardial Infarction

Study Events, Events, %
(3] RR (95% CI) Treamment  Control Weight
'
GISSIP 096 (0.80, 1.14) 2235666 23315658 11.45
JELIS 076 (056, 1.04) 71/9326 93/9319 457
GISSI-HF 083 (064, 1.06) 107/3494 129/3481 6.35
opoir 122(051,289) 11282 o281 044
SU.FOL.OM3 1.00(061,1.62) 32/1253 32/1248 157
Alpha Omega 088 (067,1.17) 892404 10272433 498
OMEGCA 1.10(0.81,1.48) 87/1919 78/1885 3.86
ORIGIN 108 (093, 126) 3446281 316/6255 1555
R&P 092(0.77,1.10) 228/6239 248/6266 12.15
AREDS-2 072 (045, 1.15) 30/2147 402056 201
VITAL 073(059,090) 14512933 200/12938 982
ASCEND 093 (0.76, 1.13) 186/7740 20017740 9.82

Subtotal (l-squared = 25.5%, p = 0.194) 0.92 (0.86, 0.99) 1553/59684 1680/59560 82.57

p=0.020

REDUCE-IT E B

0.70(0.60,0.82) 250/4089 355/4090 17.43
p<0.001

Overall_(l-squared = 51.2%, p = 0.017) 0.88 (0.83, 0.94) 1803/63773 2035/63650 100.00

p<0.001

—_
—



B CHD Death

Study Events, Events %
D RR (85% Cl) Treatment Control Weight
1
1
cIssLp —.-v- 081 (068, 096) 214/5666 2655658 17.32
JELIS —'.-—- 093 (D56, 155) 29/9326 319319 203
1
GISSI-HF - 092 (082, 103) 512/3494 55573481 36.32
1
DOIT : 037 (0.10, 1.39) 282 8281 052
1
SU FOL OM3 = : 038(014,107) 511253 13/1248 035
)
Alpha Omega 096 (069, 133) 67/2404 71/2433 461
1
OMEGA 1 095(057,159) 2811919 291885 191
1
ORIGIN . 107 (092, 125) 3196281 296/6255 1938
1
R&P —— 1.08 (0.79, 1 48) 82/6239 76/6266 495
1
1
AREDS.2 -ot 096 (0.38, 241) 2147 92056 0.60
1
WITAL —.—;— — 076 (0 49, 116) 3712933 4912938 320
|}
ASCEND —.-;- 079(061,102) 100/7740 12777740 830
1
1
1
Overall (l-squared = 20.9%, p = 0.238) ¢ 0.92(0.86,0.98) 1405/50684 1520/59560 100.00
- p=0.014
1
1
1
I 1
2 1 2



c Total CHD

Study
1D

1
Excludirig REDUCE-IT

o

GISSI-P

JELIS

GISSI-HF -
DOIT -
SU.FOL.OM3 o

Alpha Omega —
OMEGA ———
ORIGIN .
R&P —-—
AREDS-2 —_—
VITAL —l-:-
ASCEND —-q'--

Subtotal (I-squared = 35.4%, p = 0.107)

REDUCE-IT ——

Overall (l-squared = 54.7%, p = 0.009)

..__.e._-________o__

—
N =

RR (95% Cl)

0.87 (0.77, 0.99)
0.78 (0.59, 1.03)
0.96 (0.90, 1.02)
0.91 (0.41, 2.04)
0.90 (0.58, 1.39)
0.95 (0.74, 1.21)
1.15(0.88, 1.49)
1.09 (098, 1.21)
0.96 (0.83, 1.12)
0.76 (0.50, 1.16)
0.83 (0.72, 0.97)
0.89 (0.76, 1.04)

0.95 (0.91, 0.99) 3668/59684

p=0.008

0.77 (0.68, 0.88)
p<0.001

Events,

Treatment

424/5666
88/9326
130913494
11/282
3711253
12012404
12/1919
6356281
31016239
392147
308/12933
27517740

392/4089

Events,

Control

485/5658
113/9319
1360/3481
12/281
411248
128/2433
96/1885
58016255
324/6266
49/2056
370/12938
31017740

3868/59560

507/4090

Weight

11.08
258
31N
027
094
29
22
1327
7.38

8.45
7.08

88.42

11.58

0.93 (0.89, 0.96) 4060/63773 4375/63650 100.00

p<0.001




Study

Excluding REDUCE-IT
GIssI-P

JELIS

GISSI-HF

DOIT

SU.FOL.OM3

Alpha Omega
OMEGA
ORIGIN

R&P
AREDS-2
VITAL
ASCEND

Subtotal (l-squared = 0.0%, p = 0.646)

REDUCE-IT

Overall (l-squared = 59.9%, p = 0.003)

Major vascular events

___.o.____-_____n__

—

RR (95% Cl)

1.00 (0.94, 1.06)
0.81(0.69, 0.95)
0.94 (0.86, 1.02)
0.83 (0.52, 1.31)
1.02 (0.86, 1.21)
1.02 (0.88, 1.17)
0.97 (0.88, 1.07)
0.98 (0.92, 1.05)
0.99 (0.90, 1.09)
0.98 (0.82, 1.18)
0.93 (0.83, 1.04)
0.99 (0.91, 1.09)

0.97 (0.94, 1.00)
p=0.058

0.78 (0.72, 0.86)
p<0.001

Events,
Treatment

1552/5666
262/9326
783/3494
29/282
216/1253
336/2404
534/1919
1276/6281
733/6239
21312147
527/12933
882/7740

7343/59684

705/4089

Events,
Control

1550/5658
324/9319
831/3481
35/281
211/1248
335/2433
541/1885
1295/6255
745/6266
208/2056
567/12038
887/7740

7529/59560

901/4090

Weight

18.37
384
9.86
042
2.50
3.94
6.47
16.37
8.81
2.52
6.72
10.51

89.33

10.67

0.95 (0.93, 0.98) 8048/63773 8430/63650 100.00

p<0.001



Conclusions

* La méta-analyse intégrant les données de 13 ECR, y compris 3 grands
essais récents, suggere que la supplémentation en omeéga-3 marins
est associée a un risque plus faible d'infarctus du myocarde, de

maladie coronarienne totale, de maladie cardiovasculaire totale et de
déces par CHD ou CVD.

* De telles associations inverses peuvent étre particulierement
évidentes a des doses plus élevées de supplémentation en oméga-3
marins.



Ftude Cochrane

* Omega-3 fatty acids for the primary and secondary prevention of
cardiovascular disease

e 2018 (112 059 sujets), 79 ECR: Des preuves de qualité moyenne et élevée
suggerent que I'augmentation de I'EPA et du DHA a peu ou pas d'effet sur
la mortalité ou la santé cardiovasculaire (preuves provenant
principalement d’essais sur les suppléments)

* 2020 (162 796 sujets), 86 ECR: Des preuves de certitude modérée et faible
suggerent que I'augmentation des acides gras oméga-3 a longue chaine
réduit légerement le risque de mortalité et d'événements de maladie
coronarienne, et réduit les triglycérides sériques (preuves provenant
principalement d'essais sur les suppléments)



Pistes de solutions

* Médicaments (statines, aspirine)
e Qualité de vie

 Diete (beaucoup d'oméga-67?)
 Activité physique

* EPA + DHA :est-ce meilleur?



Rappel: il y a une compeétition entre les oméga-3 et les oméga-6
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Rondeau et al. 89: 169-176 (2011)



Oméga-3 et Résolvine
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Gilbert et al. (2015)769: 147-153



Omeéga-3 et omega-6
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Gilbert et al. 92016) 31; 122-126



Que faut-il retenir?

* Les acides gras oméga-3 ont plusieurs effets (potentiels)
cardioprotecteurs (in vitro et in vivo).

* Que la plupart des études individuelles ne démontrent qu’un petit
effet, souvent non significatif avec REDUCE-IT.

* Les méta-analyses suggerent un léger effet cardioprotecteur des
acides gras omeéga-3
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